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Course Description:
Thls-cotfrse is the third of three courses in the Medical Laborafory Technician field to upgrade the Specialist (skilled) worker to the Technician {advanced)
level. The course contains basic informdtion and could be used as a refresher course, but it is designed to be used by advanced students, or beginning

: 3 . . . " . . . ol P . ia .
students in a supervised laboratory or on-the-job learning s:tuaﬁon.‘ The first course, Medical Laboratory Technician-Clinical Chemistry and Ur/nalys./s,

and the second course, Microbiology. are prerequisites to this course. The duties of a Medical Technician/Specialist are:

. / 0 +
Pérforms hematological tests ' . . B . -

Performs urinalysis

Performs chemical analysis .
Assists in blood bank duties : . i -
Performs microbiological and serological tests N
,Accomplishes general medical laboratory dut-iesﬂ - , - . .

Supervises medical 1aboratory personnet , . . ‘ >

This course is divided into three volumes containing student workbooks, readings, and tests.. pne SEctlon on, blogd clotting'was deleted betause it con-.
tained copvnght material and other sections were deleted because they dealt with specific mlhtary- -administrative procedures.
. ¢ A}
Volume 1 — Hematology discusses the physiology of blood, the complete blood count and related studies, erythrocvte studies‘ leukdcyte
. “and thrombocyte maturation, and blood coagulation studies. The section discussing the pnnmples coagulation was deleted

for copyright reasons, however the section on tests for coagulation deflcxenc’es remains,
4

Volume 2 - Laboratory Procedures in Blood Banking and Immunohematology discusses i nohemagology, blaod group systems, °
blodd for transfusion, and the blood donor center. One section dealing with the Military Blood Donor Svstem was deleted
because of refergnces to specific mnlitary forms and procedures. -

Volume 3 - Serology explains the principles of serology, agglutination tests latex-fixation, precipitin, and ASO tests, and serdlogical

4 tests for syphilis. ‘The final chapter on medical laboratory admmlstratlon was deleted begause of its reference to specific

mnlntary\procedures and forms. »
Each of the voléimes contains chapters with objettives, text, review exercises and answers to the exercises. A volurhe revievy exercise is provided .but
no answers are available. This course was designed for student self-study angl evaluation within the context of a laboratory on-the-job learning-situation.
The material is useful for beginningéstudents with a good science and math background or workers who wish to upgrade or refresh their skills. Much of
h . ! ]
the material is review of basic procedures with some supervisory information. '

&
['4
N

~

‘ . - . v

Mmm TIoNAL EbuCATION o . , " : . 4 .

WJE uwaﬂS-! . ) s .

ERIC - | | 0

Aruitoxt provided by Eic:




© 90413 01 0670 0673..

CDC 90413

\
&&
.

Mepicar Lasoratory TrcaNICIAN- ‘
HemaroLocy, SeroLocy, Broob Bankive
- anp IwvuNorEMATOLOGY

(AFSC 90470)

Volume A 1

Hematology

Extension Course Institute

5 ¥ Air University

S VI

-+




r
v

" Preface -

-

rs

‘HIS ‘COURSE the final one in- th? Medlcal Laboratory Technician series, is
'] made up of three volumes. These three volumes cover hematology, blood bank-

~ ing, and serology. Volume 1 covers ,bldod -composition and functions, blood
counts efythrocytes, leukocytes,-and coagulation. Volume 2 presents informatidn
concerning blood banking. This information includes immunohematology, .blood
group systems, transfusion-blood, and 'thé operation ‘of a blood donor center
‘V‘olume 3 dlﬁzusses the pnnmples of serology, agglutination test, fixation and
precipitin test,"and serological ‘test for syphilis. The last chapter of volurfle 3 is
devoted to administrative prog:(glures which are peculiar to, the medidal laborat}g

A glossary of technical terms used in Volumes l 2, and' 3 of this CDC is prmted
at the b&:l,: of Volume 3. - p

'. Included as a separate mclosu e to thxs volume are, two foldouts. Whenever

” ’

cy ot currency of the subject matter of this
provement send them to Med.-Svc. Sch.

ECI’s instructional aids (Your Key to Career Development, Study Reference
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami-
nation), consult your education officer, \training officer, or NCO, as appropriate.
If he can’t answer your questions, send them to ECI, Gunter AFB, Alabama -
36114, preferably on ECI Form 17, Stu nt Request for ‘Assxstance é

S Thxs volume is valued at 36 hours (12 'mts) o

Material in this volume ls-‘techmcally :

urate, adequate, and current as of
December 1969. -° : '

ot
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IKE THE STUDY OF many other areas of
medical science, the study of blood began in
the 17th century. Using a microscope of his own
design which magnified 160 to 270 times, the
Dutch microscopist, Van Leeuwenhoek, described
blood cells. in 1673. It was the Italian investigator,
Margello Malpighi (1628-1694), who was proba-
bly the first to observe blood cells 10 years earlier.

“Although Harvey is generally credited with discov-
~ ering the phenomenon of blood circulationr in

1628, Malpighi-was the first to observe the pas-
sage of blood from the arteries into the yeins with
a microscope, which at most magnified 145 times.
(Compare this with your own oil immersion lens
‘which magnifies at nearly 1,000 times when used
with a 10 power ocular.) A series of investigations
continued and were highlighted in the following
century when a role for the red blood cell was
suggested. It was not until 1867, however, that
hemoglobin and its functions were described.
From such observations of the physical char-
acteristics of blood there developed the science of

hematology. The word hematology is derived -

from the Greek words, aima, meaning blood, and
logos meaning study. C :

2. In this chapter we will review the composi-
tion and functions of blood. Blood is a tissue in
which the cells are suspended in a liquid medium.
In this respect, it differs from other tissues of the
body which are also groups of specialized cells
identified with a common function. The prime
function of the blood is to maintain oxygen and

. food supply for the bog} cells and prevent accu-

mulation of waste products. However, these are by
no means the only functions of blood. Immuno-
logic mechanisms, as well as other physical and

» chemical activities, involve the blood in many

_ ways. :

3. Since blood Has a variety of complex func-
tions, the compositiongof blood must also be com-
plex. The average circulating total blood volume
in a 150-pound male is about 3 liters. Formed ele-
ments account for_nearly 45 percent of the blood
volume. and 90 percent of the remaining 55 per-

The Physiology of Blood

' CHAPTIER 1

»

-

cent is water, but the portion of liquid which is not
water includes an undalculated number of organic
and inorganic. materials.

1. The Composition of Bloead

1-1. Our study of blood components will in-
clude both the cells and the medium in which they
are suspended—We will consider the functions of
blood in terms of the cellular and noncellular com-
ponents. However, remember that separating the

‘cells from the medium’ in which they are sus-

penged is a privilege reserved for the.]aboratory
technician. It is not realistic from a biological
standpoint to' completely separate these functions.

1-2. Cellular Constituents. The well known
cellular components of blood are, of course, the
erythrocytes (RBCs) and the lgukocytes (WBCs),

*as well as the platelets or thrombocytes. Where do

these cellular elements come fron} and what aré
their funictions? First, let’s look at the RBCs.

1-3. Erythrocytes. The RBC gs |a living, meta-
bolically active cell and not merely a small globule
of protein which transports hemoglobin.

1-4. RBC development™ (erythropoiesis) is as
follows: Primitive. blood cells begin to form from
specific tissue of the yolk sac early in the develop-

ment of a human embryo. Following this period of

development, the hepatic phase of blood cell de-
velopment begins at about the second month of

- fetal life. Erythroblasts appear in the circulation as

a result of development from rhesenchyme cells in
the liver tissue, /

1-5. After erythropoiesis begins in the liver, the
spleen produces erythrocytes to the end of the
fourth month. The thymus is also active in produg-
ing blood cells, lincluding RBCs, during this period
of hepatic erythrogoiesis.

1-6. During the last period of blood formation
(hemopoiesis), the red bone marrow takes over
the production of all blood cells. This period be-
gins at about the fifth month. Unless the body is

placed under some type, of stress, the bone marrow

alone produces both red and white blood cells.

f‘“l.
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The primitive cells which gave rise to blood cells
in fetal life revert to a ‘‘stand by” status in the
liver, spleen, lymph nodes, and other parts of the

body where they make up the socalled,reticuloen-
dothelial (RE) system. The RE system ists of

. a variety of different types of cells (his 'ocytcs

Kupffer’s cells, and others) whose function is to,
phagocytize particles such as bacteria or worn out’
cells.

1-7. In the human being, the bone marrow nor-
mally produces red blood cells after birth. We
have seen that erythropolctlc activity in the fetus is
q\uﬁc different. Since it is generally the postnatal
activity of erythropoiesis which # of greatest con-

cern to the hematologist and fo us, we should be’

interested in knowing how RBCs are produced in
the marrow.

1-8. After birth, red blood cells are produced
in the red marrow of the spongy bones. In the
adult, this is restricted to the ribs, sternum, verfe-
brae, certain skull bones,
(ends) of the femur and hymerus. This red mar-
row is in contrast to-the yellow marrow which is
contained in the diaphysis (shaft) of long bones
and has no erythropoietic activity, The red blood
cells arise by cell division from ﬁem cells in the
red marrow. Stem cells are, by definition, undiffer-
entiated cells which maintain their own numbers,
but also give rise to other types of cells. Currerit

“theories hold that stem cells undergo two different

kinds of division, the first to produce their ‘'own
kind, and the second to produce at least one other
type of cell. The stem cells'may also produce its

own kind of cell in this second type of division.

The maturation sequence of erythrocytes is dis-
cussed in Chapter 3 of this volume.

1-9. It would be well to mention at this point
that cell division in which the nucleus divides
without a reduction in the number of chromo-
somes is referred to as mitosis. Blood cells are*pro-
duced by mitosis of stem cells. This is unlike the
reduction division (meiosis)=whjch produces sex
cells; i.e., the sperm and the egg, in which there is
a reduction in the aumber of chromosomes.

1-10. Leukocytes. WBCs of the types we find
in adults are rarely found in the early stages of
fetal blood formation. Leukocyte production is
generally believed to begin during the third *or
fourth month in the liver and continue to be pro-
duced there until a few weeks prior to birth. Dur-

ing this time the thymus, lymph nodes, and spleen’

produce myelocytes and lymphocytes. After birth,
lymphatic tissue plays a role in lymphocyte pro-
duction, but the primary producticn is thought to
occur in the bone marrow, i.e., medullary. Myelo-
cytes and monocytes are definitely medullary in
origin after birth. Researchers frequently distin-
guish between a small race of lymphocytes and

»

and the epiphyses-

larger lymphocytes, with respect to life span,
origin, and in some instances, with respect to
function. We do not feel that this distinction is of
any special importance to the medical laboratory
technician. We will consider thé maturation se-
quence of leukocytes in Chapter 4 of this volume.
We generally divide leukocytes into granuldcytes
(neutrophils; eosinophils, and basophils) and
agranulocytes (monocytes and lymphocytes).

1-11. Thrombocytes (platelets). Fragmented
from the cytoplasm of megakaryocytes, thrombo-
cytes vary considerably in size and shape. The
cytoplasm contains a rumber of basophilic
(purple) granules which- can be observed. on
"Wright stain smears. There are normally four to
six thrombocytes per oil immersion field in areas
of the slide where they are evenly dispersed. The
normal platelet count as det¢rmined by phast\’
microscopy is from approxlmately 45,000 to
375,000 per cubic mm.

1-12. Control of Cell Production. There is
mounting evidence that hemopoiesis is at least-in .
part under endocrine control. This'is suggested by
the fact that certain hormone imbalances are ac-
companied by changes in the blood pictéire. We
will not attempt to discuss even the major hor-
mones and their- specific influences. You should
merely be.aware that erythropoiesis is indeed com-
plex. In addition to hormonal control, there is evi-
dence of neurogenic influence which may possibly
be independent of hormone activity. One such
controllmg substance mentioned widely in the lit-
erature is erythropoietin, Although little 'is known -
about erythropoietin, it is thought to be the most
important controlling agent in red cell production.
An earlier term, hemopoietin, has essentially been
dropped from usage.

1-13. The control of lcukocytc production is
not as well understood as erythropoiesis. One rea-
son for this is that red cells can be conveniently la-
beled by radioactive means and effectively traced.
Further, the breakdown products of WBCs are not
as readily observable, and RBCs do not contin-
ually move in and out of the blood as WBCs do.

1-14. The number of circulating cells, either
white or red, is the net result of blood production
minus destruction and blood loss. We have already
mentioned some of the factors which control eryth-
ropoiesis. But how are “worn out” cells disposed
of? The normal RBC has been shown to have a
half-life of 28 to 30 days when tagged with radio-
active chronium (Cr5)!, .By half-life is meant
the time required for one-half the number of eryth-
_rocytes tagged to disappear. Other methods yield
somewhat different- results. The average time of
erythrocyte survival from the time the cells enter

~o

t Laborgtory Medicine Hematology, 3rd Ed. p. 6§7. Miale. John
B. C. V. Masby Co.. St. Louis. Missouri. 1967.
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the peripheral bldod until destruction is usually
givgn as 120 days as determined by other meth-
ods. Increased destruction of erythrocytes is char-
acteristic of hemolytic diseases. will discuss
erythrocyte abnormalities in greater detail in Chap-
“ter 3. Erythtocytes are normally disposed of by the
reticuloendothelial system, particularly by the
splccn Hemoglobm that'is released in red cell de-
* struction is the sourge for bile plgments Iron from
" blood destruction is used again in the production
of new red blood cells.

1-15. Leukocytes enter and leave the pe-
ripheral blood throughout their life span. Conse-
quently, the longevity of a leukocyte has not been
worked out with certainty. }a fact the fate of lym-
phocytes has not even been determined.

1-16. Plasma. That portion of the blood which
remains after the cells have been removed is, of
course, plasma. From your study of clinical chem-
istry you will recall that plasma contains 3.6 to 5.6
grams of albumin per 100- ml. and 1.3 to 3.2
grams of globulin per 100 ml. Plasma also con-
tains fibrinogen, which is not present in serum.
The level of fibrinogen in normal human plasma is
0.15 to 0.30 grams per 100 ml. There are many
other protein silsstances present, such as the coag-
ulation factors A . s

‘1-17. In addition to proteins, plasma contains
certain metabolic components required by cells.

- You are thoroughly famlhar with many of these

stbstances which are measured in the clinical lab--

oratory: Glucose is probably the single most im-

portant fpod substance found in blood. Various °

ions present in plasma can also be considered nu-
trients for body cells as well as blood cells. All
products of cells may also be found in the blood.
In this category we find enzymes, antibodies, and
*hormones. Cellular waste products include urea,
uric acid, and like compounds. In addition to dis-
solved solids, we find dissolved and combined

gases. Foremost among these are oxygeny carbon

dioxide, and nitrogep. .

2. Functions of Blood |

2-1. In section 1 we identified the major com-
ponents of blood.;However, descrrptlon and taxon-
omy alone are not the ultimate in a science. Each
component of blood is uniquely capable of per-
forming one.or more functions. As you read this
section, you will very likely be surprised to learn
that much is yet unknown about the constituents
with which you are so familiar in the clinical labo-
ratory. 4

2-2. Perhaps the best way to generally describe
the functions of blood is to say that blood helps
provide a relatively stable internal environment of

. the'body by a variety of mechanisms. Unlike uni-
cellular organisms, body cells are highly special-

1

N

ized and cannot survive independently. They must
be supplied and maintained. This is the main
theme in the study of blood function. We describe
the maintenance of relative biological constancy or
integrity as homeostasis.

2-3. In practicing hem logy in the laboratory,
we are concerned more with measurable evidence
of dysfunction than with the final result of blood
functions. We observe blood cells, measure chemi-

"cal constituents, and perform serologlcal tests to

identify problem areas. This is the duty of a labo-
ratory technician. We seldom reflect on the many
complicated tasks the blood must perform. Let's
list some of these functions. .

e Transport oxygey and carbon dioxide.

‘e Contribute tq #fe fluid medium which bathes
body cells,

e Regulate body temperature" by circulation.

e Distribute basic chemical substances, hor-
mones, vitamins, and other metabolites.

e Carry waste products from the cells to the
excretory organs. . -

-® Maintain osmétic equilibrium and acid-base
balance to provide™ a suitable cellular me-
dium.

2-4. You will note that we are describing func-

tions of the blood with reference to other body tis-

sues which the blood- supports We are not at this -
point éspecially concerned with the ways in which
the blood maintains itself. If its only functign were °

to sustain itself, there would be no justification for
its existence. Yet, as technicians, we frequently

.think of blood dyscrasias as independent difficul-
_.tied with the blood rather, than with their effect on

other organs of the body. This is because we are
not involved in the clinical practice of medicine,
but with scientific measurement of biological enti-
ties. As you progress to the 7 level, however; you

must discern relationships as well as report single.

items of laboratory data. Please realize that you
are not being asked to reach clinical conclusions,

- but to appreciate the involved interrelationships
- which exist among the mechanisms you are at-

tempting to measure in the laboratory.

2-5. Oxygen-Carrying Capacity. The first thing
most-people think of when the functions of blood
are mentioned is its capacity to supply oxygen to

body tissues. This is indeed a vital function, ul- -

though we are sophisticated enough to know that
unless all mechanisms function properly homeo-
stasis cannot be maintained. So in this sense, we
cannot very well say that carrying oxygen is the
most important function of the blood. At least we
can agree that carrying oxygen is a vital role for

ich the erythrocyte is uniquely equipped.

2-6. The exchange of gases between the alveoli
of the lungs and the bloodstream is referred to as

Lo
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Figure 1. External respiration.

external respiration and is plctured in flgure 1.

The exchange of gas between tht blood and tissue -

cells is called internal respiration. Because respira-
tion is a principal function of blood, we will now

&xamine this process more closely. Please note that"

_‘We are not using the term “respiration” in the pop-
ular context of *“breathing.”

2-7. External respiration. The gases with which =

we are concerned in the lungs, the blood, and the
cells are nitrogen, oxygen, carbon dioxide, and
water vapor. It is convenient to discuss these gases

L4

in terms of their pressures or tensions. By doing
so, the gas exchange mechanism—prersure gra-

- dients—can be more easily understood. Average

values of the pressures of these gases have been

* determined by experimentation, and it is most im-

portant to have a knowledge of these pressures in
the four places mentioned in table 1. This table

. shows the average values in the alveoli, the arterial

blood, the'venous blood, and the tissue cells.

2-8. When air is breathed at a normal séa level
pressure of 760 mm. Hg.,-important changes begin
to occur as the air enfers the conducting passages
and progresses toward the alveoli. Since the pas-
sageways contam water vapor at a_pressure of 47
mm. Hg., the air is diluted by the water vapor, and
consequently the total air pressure is reduced by

that amount (760 — 47 = 713). The moist air,

now at a pressure of 713 mm. Hg., enters the
bronchial tree and then the alveoli. The alveoll,
however, contain carbon ‘dioxide at an average
pressure of 40 mm. Hg., and nitrogen at its con-
stanp pressure of 573 mm. Hg. The oxygen in the

inspired dir just prior to entering the alveolus has

a pressure of 'approximately 150 mm. Hg. (21
percent of*713). The, chb\on dioxide present fur-
ther penalizes this oxygen pressure until it has a
value of 110 mm. Hg, This value is called the
“calculated” alveolar partial pressure of oxygen. It
has been proven experimentally that -this. calcu-
lated  value is spghtly high. The alveolar* partial
pressure of oxygen most frequently used is /00 mm.
Hg. The slight difference is probably due to the.
fact that neither the atmospheric composition nor

the action of carbon dioxide and oxygen in. the al-

TaBLE 1 - - -
" AVERAGE VALUES op GaS TENSIONS IN THE Bopy

Arterial

"Venous .
Alveolus Blood Blood Cell °
Gas mm Hg mm Hg mm Hg mm Hg -~

Oxygen 100

Nitrogen 573
CO2 o 40
HZO Vapor 47

573

40 1-60% °

573 573 \
40 46 46
47 47 47

N

Note:

The value for nitrogen is constant;
there is no exchange of this gas during the resp1ra-
tory phases.

therefore,

%*Value controlled by tissue activity.
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Figure 2. “Dissociation curve of hemoglobin.

veoii is static, and also to other shght physiological
variances.

2-9. If the inflation of the alveolus is con-
sidered to be static at a given point, figure 1 shows
the relationship of the various gas pressures both
within the alveolus and the bloodstream. The ex-
change of oxygen between the alveolus and the
capillary is due to the great difference between the

pressures. Since, according to the Law of Gaseous
N Diffusion, gases will flow from a high pressure
area to one of lower pressure,”oxygen diffuses

through' the walls of the alveolus and into the
# bloodstream, The pressure gradient is 60 mm. Hg.
Oxygen is constantly diffusing into thg capillaries
around the alveolus, and the exchange continues
until a value of 100 mm. Hg. is reached within
each capillary. At this point the hemoglobin of the
red cells is saturated to approximately 98 percent
of its capacity, as shown in figure 2. It should be
" noted that the oxygen pressure in the venous gide
of the capillary is 40 mm. Hg. The percent satura-
tion of the hemoglobin in this part of the capillary
1s, therefore, 75 percent (see fig, 1). This process
is one of oxygenation (not'3xidation).

'2-10. At the same time. \that the exchange of
oxygen is occurring, there mﬁa similar transfer of
the waste gas, carbon dloxxdc‘.‘”‘I'he pressure of car-

bon dioxide in the venous blood. i Jis 46 mm. Hg; in

the alveolus it is 40 mm. Hg. \The ¢xchange will
proceed from the capillary blood; to the alveolus.
Although the carbon dioxide preWc {dient is

only 6 mm. Hg.,, a large quannty of flows

across into the alveolus. This is explained\by the
fact that carbon dioxide has a greater coefficient
of diffusion than does oxygen. As this exchange
continues throughout the course of the capillary,

~®

g

'S

the pressure of carbon dioxide in the blood falls
until it reaches its normal value of 40 mm. Hg., as
noted in\figure 1.

2-11. As the two gases flow in and out of the

alveolus, the blood is oxygenated. The oxygen
content is high and the carbon dioxide content is
low. The blood then returns to the left side of the
heart to be pumped throughout the body to all tis-
sué cells. At this level, the second phase of resplra-
tion will occur—internal respiration.

2-12. Internal respiration. We will now turn
our attention to the exchange of gas between the
blood and the tissue cells. The “pure” highly oxy-
genatgd blood with a low content of carbon diox-

ide ledNes the left side of the heart with each con- -

traction ‘and travels throughout the a.rterlal system
to all of ‘the capillaries.

2-13. The cells of all types of tissues are in
confact with capillaries. As it enters the arterial
side of the capillary, the arterial blood has gas ten-
sions as follows: oxygen 100 mm. Hg., carbon
dioxide 40 mm. Hg. These values are noted in fig-
ure 3. In the cell, oxidation is constantly occurring
and consequently, the oxygen content is at a low
level. It varies in yalue depending upon the activ-
ity of the cell at the time. A muscle cell, for ¢xam-
ple, during exercise would have ‘a lower oxygen

pressure than during a period of rest. The oxygen .

tension can vary from about 1 mm. Hg. to.about
66 mm. Hg. Since the oxygen pressure in the
blood on the arterial side of the capillary'is always
higher than in the tissue cell, a large pressure gra-
dient exists and there will again be a flow of oxy-
ARTERIAL SIDE OF CAPILLARY
HEMOGLOBIN SATURATION 98%

)

Pcos = 40mm

P02 = 40mm

BLOQD FLOW ‘

Pcog = 48mm~
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ey

Figure 3. Internal respiration.




‘gen to the lower pressure—in thi;

-

case, from the
blood into the cell. This transfer|of oxygen is ac-
tually occurring throughout the length of the capxl—
lary until the pressure of oxygen in the blood gains
equilibrium with the -oxygen pressure in the cell.
2-14. While the transfer of oxi ygen is occurring,
there is also a transfer of carbon dioxide.-The con-
stant metabolic activity of the tel] results in a high
production of carbon dioxide. The tension of car-
bon dioxide reaches 46 mm. Hg. In the arterial
blood in the capillary, the tension| of carbon diox-
ide is about 40 mm. Hg. Eyen 'though a much
smaller pressure gradient exists for this gas than
for oxygen, a larger amount of caern dioxide will
besforced from the Eell into the blood, due to the
diffusion characteristics of carbon dioxide. As this
transfer continues, the carbon dioxide tension in
the blood increases to a level of about 46 mm. Hg.
Some of the carbon dioxide combines with hemo-
in and some is carried in the plasma. Thus,
th the total exchange completed as the arterial
blood passes the cell and epters the venous system,
the blood will return to the heart {o be pumped to
the lungs via the pulmonary artery for another
cycle of gaseous exchange. External respiration, as
illustrated in figure 1, will then be repeated.
2-15. The structure of hemoglobin was LAis-
cussed briefly in CDC 90411. Ydu will recall that

hemoglobin.is a complex moleculf with a molecu- N

lar weight of 64,500 atomic mass units (a.m.u.).
Fofir of its 10,000 atoms are ifon, and each of
these can carry 2 atoms of oxygen. Heme groups

d chains of amino acids surroupd the four atoms

iron. The protein portion of the molecule con-
stitutes the globin and functions inh the transport of
carbon dioxide.

2-16. There are many types
some of which are characteristid of certain stages
of life. We are born with a%hempglobin known as

“F for fetal. As a Pperson maturgs, this changes to -

hemoglobi (;%

of hemoglobin. There are many gbnormal forms of
hemoglobin which can be identified. by “electro-
phoretic techmq’iues Best known: of these are hem-

- oglobin “C” which is assaciated with Mediterra-

nean anemia and hemoglobin “S” identified with
sickle cell anemia.

2-17. Erythrocyte Metabolism. As we stated
earlier, the red blood cell is nat just a metaboli-
cally inert hemoglobin-carrying particle. On the
contrary, the erythrocyte is a biologically active
cell which itself respires, does jwork, and carries
out biochemical reactions muclf the same way as
any body. cell. Enérgy is requifed to accomplish
the active transport of glucose and ions against a
gradient across the red cell mgmbrane. The red
cell must also supply~energy inireducing and con-
verting iron to the ferrous stafe. As hemoglobin

P 1
of hemoglobin,

s

- v

‘ ) .
oxidizes, it shifts to the ferric state, thus converting

to methemoglobin. The shift and the reverse proc-
ess may be d%agrammed as follows:

~» Oxyhemoglobin
(Methemoglobin)

ENERGY FERRIC STATE

Reduced Hemoglobin
FERROUS STATE

Fe++ ¢———  Fe+t++ -
- -
{. /+02

2-18. Most of the red blgod cell consists of
hemoglobin. Yet the RBC does contain a number
of other substances, and a deficiency or absence of
one or more of these substances can result in ane-
mia. Many enzymes have been identifiéd from
studies of the erythrocyte. For example, the effect
of Glucose-6-Phosphate Dehydrogenase deficiency -
was éxplained in CDC 90411.

2-19. Leukocyte Functions. Leukocytes re-
_move invading antigens (e.g., bacteria) and to
‘some extent transport and distribute antibodies.
Monocytes and all of the granulocytes have been
shown to demonstrate directional movement.

. Their movement is subject to chemotaxis, which is

defined as the response ‘of living protoplasm to a
chemical stimulus. This is a means of attracting
cells to substances which they ‘must either trans-
port or engulf The process of engulfing and de-
stroying bacteria ®r phagocyroscs, is a prime func-
tion of leukocytes. :

2-20. Monocytes. These cells waI engulf bac-,
teria and larger materials, including even protozoa
and red cells, and are called macrophages. In this
regard, monocytes are perhaps the most efficient
phagocytes of all the cells. Monocytes cor)talh
many of the lytic énzymes that are found in mlcro-
phages-(granulocytes). .

2-21. Neutrophils. Neutrophlhc Ieukocytes are

-excellent microphages. That is, they engulf bac-
teria and other microscopic particles. The particle(}// L

are first surrounded by cellular pseudopodia an
then incorpdrated into « cell vacuole. There the
foreign boflies mix with substances released from
the cytoplasm of leukocytes. In this way the leuko-
cyte.is not injured by whateyer “combat activity”
is taking place in the vacuole. Eventually the gran-
ulocytes digintegrate: and in inflammatory proc-
esses are §ccee6ed by monocytes. In addmon
monocytes contain lipases which enable them to
dissolve the lipoid capsules of certain bacteria.
Neutrophils are fully developed (mature) cells
that are incapable of mitotic division. They carry
on aative metabolism.

2-22. Eosinophils. As you already know, eosin-
ophils are found in tissue fluid as well as in pe-
ripheral blood, especidlly in areas where there is

<2y
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A . .
an allergic reactions Current thinking holds that
eosinophils are involved in the antigens-antibody
reaction. They have: been shown to phagocytize
antigen-antibody reactants, Eosinophils are also

thought to tranSport, or at least contain, lysins"

which act on fibrin. It is suggested that eosinophils
limit the action of substances-such as histamine.
How this is accomplished ‘is not yet clear. The mo-
bilization 6f eosinophils from their reserve in the
bone marrow'is at least in part-under hormonal
control. If the adrenal ‘cortex is functioning prop-
erly, an injection of adrenocorticotropic hormone
(ACTH) results in a marked decrease in the num-
ber of circulating eosinophils and in the number of
circulating lymphocytes. On the other hand, there
is an increase in the number of circulating nentro-
phils.

2-23. Basophils. The function of basophils in
man has not been ascertained. They quite possibly

. L J
represent .a vestige of evolution. Their granules
have bten found to contain heparin, and_these
cells ¥réquently appear during the clot dissolu
phase of an injury. Hence, it has‘been suggested
they may be  invofbed in clot absorption.* - -
2+24. Lymphocytes. The lymphocyte is now be-
leved to be directly connected with antibody pro-
duction. Undoubtedly, the lymphocyte performs
important immunologic functions. According to
very recent studies, many of the activities pre-
viously thought to take place in the reticuloen-
dothelial (RE} system actually take place in lym-

- phocyte tissue.

2-25. Platelets. Platelet possess metabolic sys-
tems, expend energy. and fespond to stimuli. They
contain many enzymes undergo respiratory

activity and glycolysis. They- posséss coagulation

factors usually designated as PF-1, PF-2; and on

;

f
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through PF-7 (at the present time). Some of the
earlier, less specific terms , like thromboplas-
tinogenase have been dropped from usage. The
cells contain fibrinogen and vasoconstrictor sub-
stances, ' calcium, and many other components

which are eitheg known or presumed to participate

in the clotting méchanism. Clot-promoting lipo-
proteins are also found in platelets. In addition,
well-defined antigens have been found in platelets.
This partially explains the occurrence of incom-
patability reactions when platelets are infusg into
the blood during a transfusion. In Chapter 5 of
this volume, we will consider the role of platelets
in the blood coagulation mechanism.

2-26. Circulation. In conclugding this chapter .

we will review the mechanical factors of blood cir-
culation. Blood can perform its functions only if it
reaches all body tissues and folldws a regular, cir-
culatory pattern which permits oxygenation and
removal of waste products. The circulation of
blood depends upon several factors. Most impor-
tan¥are the rhythmic beating of the heart; the vol-
ume of blood circulated; the condition of the
blood vessels; and a system of valves to control the
direction of flow. :

2-27. The heart causes blood to circulate in this
way: When the muscles of the atria ’cantract,
blabd is forced into both veptricles simultaneously.
The wave of contraction thén passes to the ventri-

“cles which also contract aid force the blood out

into the arteries. Thus, blood- is pumped through-

out the entire body.” Blood is circulated through

both pulmonary and systemic circulation. As you

read the descriptions trace the course of blood in-

figure 4.

2-28. Pulmonary circulation. Pulmonary circu-
lation, sometimes called lesser_circulation, is the
circulation of blood through the lungs for the pur-
pose of oxygenation. All venous blood returning
from- the body enters the right atrium. through the
superior vena cava or the inferior vena cava and
then “enters the right ventricle through the atrio-
ventricular (tricuspid) valve. As the right ventricle
contracts, venous blood is forced through thespul-
monary valve to the pulmonary artery which car-
ries the blood to the lungs, where the ‘blood,
through diffusion, exchanges waste carbon dioxide
for oxygen. The richly oxygenated blood is then
returned to the left atrium via the pulm%pary
veins. T ,

2-29, Systemic circulation. Systemic circulation
involves the circulation of blood from the left yen-
tricle to all parts of the body and then back to the
right atrium. When the left ventticle contracts,
blood is forced through the aor{?ﬂ
aorta. From here it takes different courses to all
parts of the body through arteries, arterioles, and
capillaries and then returns by way of the v&jns to

c valve into the

-«
9

the right atrium. Systemic circulation includes cor-

onary,and portal circulation. :

e Coronary c_irculzfion involves the circulationb
of blood through the muscular tissues of the heart.

@, Portal circulation involves the passage qf
venous blood from the gastrdintestinal tract@éi
spleen, through the liver and out to the inferior
vena cava through the hepatic veins, R

2-30. Bloo
ing contractio
is forct:jr thro
the ve
systolic pressure. In a normal adult male this sys-
tolic pressure as measured in the bronchial artery
ranges from 110 to 150 mm. Hg. Atrial systole is
followed by atrial diastole in which blood flows
into the empty atria: The normal range for dia-
stolic pressure in_the adult male is 70 to 100 mm.
Hg. Blood pressure depends upon blood volume.
As volume is diminished, the blood pressure falls
unless there is a compensating decrease in the
lumen of the blood vessels.

-2-31. Methods used to measure blood volume
have the disadvantage of being either complex or
icaccurate. Various dye dilution procedures may
be found in the experimental literature, but none
of .these methods is widely used in clinical prac-
tice. Determining the exact amount of dye injected
and recovered presents technical problems. The
Ashby differential aggultination' method has been
used in expérimental work. The method is hazard-
ous because it involves trfinsfusing the patient. A

pressure and blood volume. Dur-
of the atria, or atrial systole, blood

__similar technique which. involves.-infusing Crbt-
labeled cells is becoming more popular. Radioac-

tive phosphorus has also been. used. As noted in

current résearch on plasma volume and red cell

the atrioventricular valves into
icles. The resulting pressure is termed

mass, single tracer methods may not be entirely re- -

liable either.?! While we will not describe volume
determination in any further detail, it is most im-
portant that you realize the significance of blood
volume studies and the precision required in meas-
uring total blood volume. Tt should also be appar-
ent to -you that venous blood differs somewhat
from arterial blood. For example, the CO, differs.
Recent studies have shown that blood taken from
a properly performed “finger stick” does not differ
significantly in most routine hematologic values
(e.g., hematocrit) from venous blood.? This is be-
cause blood that is obtained from a cutaneous fin-
gertip puncture comes mainly from metarterioles
and venules. '

* “'Simplified Method For Simultancous Determination of, Plasma
Volume and Red Ceil Mass with 1-Labeled Albumin and Cf-Tagge,

Red Cells.” Grable E. and Wifliams J. A., Beth Israel Hosp.,

Boston, Mass. J. Nucl. Med. 1968, 9/6 (219-221).

3 Mostert, J. W.; Trudnows

. J.; Lam, F. T.; and Moore.
R. H. Anesthesiology. 29:1 3.
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2 ) Hemogldbin values alone can- often be

misle: mg Suppose a patient suddenly begins to
bleed profusely. The blood volume would drop,
and the patient’s blood pressure would"also drop.
Until tissue fluids move. into the vascular system,
‘or until the’ patient receives fluids 1.V.,,the hemo~

" globin and hematocrit will not immediately

change This is becduse the results of these tests
are reported in terms of concentration rather than
total blood volume. While the toncentration of
cells hasn’t changed significantly, the total number
may be markedly changed. .

2-33. This ¢an be seen in the following exam-.

ple. A patient loses 2 pints of blood due (o an

-~

v

- acute injury. The 2 pints of blood contain both a

certain number of cells (concentration) as well as
a certain amqunt of plasma (volume). If we per-
Yorm a hemoglobin on the patient and repeat the
test 30 minutes later the test results will likely be
similar. This happens because the amount of hem-
oglobin in a unit of pla¥ma has not changed since

- both ceflls and plasma were lost at the same time.

Later, when the body replaces the lost blood vol-

ume the concentration of hemoglobm will de-
x

crease. Variations in concentration/blood volume

is sometimes due to deviation in the.testing proce-

* dure and may. well be within acceptable limits.
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CHAPTER 2

—

»

THE MAJORITY of work'in hematology con-
rsists of complete blood counts (CBCs). In
view of this, the technician must master proce-
dures inherent in a CBC and know the normal val-
ues. The “complete blood count consists of five
tests: the red cell count, the white cell count, hem-
oglobin, hematocrit, and the differential white cell
count. .

« 24+ Blood can be -drawn by venous or &apillary
puncture. The choice of specimen is often deter-
mined by the amount of blapd needed to do the
tests ordered by the, physician, as well as by the
age and condition of the patient. Generally, ven-
ous sainplé® are preferred for laboratory analysis,
since they proVide enouglf blood to perform multi-
ple laboratory. procedures or to repeat procedures
for accuracy. However, capillary specimens are
- quickly obtained without disturbing a vein which
should be kept free of scars for a potentially
greater need. If you use capillary blood, it is im-
portant to have a free-flowing puncture. Capillary
specimens, taken properly, will give hematology
results comparable with venous specimens. ' -

3. Collecting o Blood Sample
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reasbn should be avoided. Heavily calloused areas
or areas with excessive tissue fluids (edemQ result
in poor samples. The lobe of’the egr may also be
used for caplllary puncture. Differences in’ cell
concentration do occur when blood is obtained
from this site, prlmarlly because of a high lympho—
cyte concentration in the ear lobe. And too, it is
not convenient to work with a patient’s ear. Be-
cause of the small size of the finger, in-an infant

.the preferred puncture site is the heel or big toe. A

modification of the normal technique that has
proven quite satisfactory when working with in-

- fants is to make two in¢isions in a griss-cross fash-’

3-1. We will discuss aspects of getting a good '

sample, preserving it, and doing the tests correctly.
It is always worthwhile to reaffirm good technique,
since one .can easily develop undesirable habits
when performing simple procedures. This is ‘espe-
cially true when the workload is heavy. .

3-2. Capillary Puncture. Capillary puncture is
a common method of collec,tmg a blood sample. If

correctly performed, it is easy, simple, and causes .

less pain and anxiety to the patient. Blood cell dis-
tribution is the sanie as that normally found in
venous blood.' A capillary blood sample is not
usually treated with anticoagulant (except in the
microhematocrit), and this lessens the’ yosslblhty
.of cell distortion.

3-3. Several different sites are suitable for cap-

illary puncture. The lateral surface Just beyond the
dlstal joint of a fmger is the best site. The center
part®f the finger is most sensitive, and.for this

‘-,

10

ion or “T” if a fairly large quant:ty of blood is
required. The Bard-Parker blade is effective;’ a_l-j~ "
though its use is somewhat dangerous because of -
the nearness of tendons found in the heel region. It

is probably.better to use an ordinary hemdlet un-

less you are performmg microchemistry studies or
other procedures in addition to a CBC glhlch re-
quire more blood. Adequate “medical supervnslon
and training is a prerequisite to use of the “T” in- .
cision. Remember, capillary blood must be col-

lected from a free*flowing puncture (.vbund other-
wise, the laboratory results-will not be valid. "

3-4. Venipuncture.. The first step in perforni- -
ing a venipuncture is selection of the best vein. Se-
;fct a vein that is large, readily accessible, and’suf-

ciently close to the surface.to be seen or
palpated. Do not guess at the location of the vein or
attempt to find it by probing. In 2 clean, atrau-
matic vempuncture the needle goes directly into
the vein. There is no probmg or tearing of tissue.
Atraumatic.technique is necessary to obtain a suit-
able specimen as well as for patient comfort. If
you have difficuity, do not hesitate to seek help.
Even the most experienced technician will have
difficulty once in a while, whereas another techni-
cian may find the vein on a particular patient
without trouble. ,

3-5. It is important that correct technique be
used to avoid unnecessary pain to the patient and
prevent tissue damage. It'is also-imperative to se-
cure a good blood specimen and to prevent con-
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tammatmg the s%:mmen or infecting the patiént. A , a full 3 to-5 minutes. Be sure the sleeve of the pa-

_cardinal rule in the practice of medicine for which
you fulfill a supporting role is to avoid harm to the
* patient. Veins may become distended and easier to

enter by allowing the arm to hang down for 2 or 3 ,

mjinutes, by massaging the blood vessel toward the
body, or by, gently slapping the site of puncture.
Young and vigorous persons usually have elastic
veins well filled’ with blood. Elderly or debiliyated
persons may have sclerosed or fragile veins, which
. are hard to-enter or which collapse easily.
“ ,3-6. If venipuncture is a problem due to age of
the patient, scarring from repeated venipuncture,
or any other unusual circumstance, the technician
should consult a ‘physician. Under no circum-
stances should a.technician draw blood from a jug-
~ filar yein’ or femoral vein. When venipuncture is
used to obtain blood for quantitative analyses or
coagulation studies, the blood must be obtained
rapidly from an area that has good circulation. If

the tourniquet is kept in place for longer than 2

minutes, changes may occur in the concentration
. of blood components. The blood should be aspir-
ated into a clean, dry syringe without delay. In
some cases (e.g., the Lee White clotting time), sil-

line are recominended.

tient’s shirt or other garment is not too tight, for
this can act like a tourniquet. It is helpful for the
patient to hold his arm upward as if he weré
reaching toward the ceiling. The common tech-
mque of merely bending the elbow after venipunc-
ture is acceptable. However, if the elbow is bent
' too farcefully, the clothing may bind the vein and
restrict venous flow. Further, rmsmg the arm up-

" ward will slow blood flow and minimize leakage at

the puncture site.

3-11. Blood drawn by vempuncture is often
stored for a penod of time before-it is analyzed.
For this reasen, you should take the following pre-

cautions to insure a valid analysis. Before with- .

drawing blood from its container, mix the blood
sample thoroughly but gently. Bload tubes should
be tlghtly stoppered at all times to prevent con-
tamination and possibly even -evaporation. Store
the blood specimen in a refrigerator, except that
serum - for cold agglutinins should separated

irom the clot before low tempera®re storage.

Blood counts should be done within 3.hours after
collection, and specimens taken for a CBC sfould
néven be stored overnight.

viconized syringes or syringes rinsed in normal sz;/\ 3-12. Anticoagulants. The choice of anticoag-

3:7. Occasionally, the best vein is found on th

hand, leg, or foot. These -areas are more sensitive, .

however, and the veins are not as firmly anchored
as' those of the arm. Rolling veins may be held
firm by placing the thumb on the vein so that a 1
or 2 inch length of vein lies between the thumb
and the puncture site. .

3-8. To do a venipuncture, you also need a
cleansing agent. The most common cleansing
agent used to cledn the skin area over the site of
venipuncture is 70 percent isopropyl alcohol. Kéep
in mind that alcohol does not sterilize and, in fact,
is not usually sterile itself. Neither is alcohol a
very effective antiseptic, but it does remove the
film of natural oils and tissue debris. A precautlon
should be taken not to use alcohol sponges that

are too wet; that is, excess alcohol (along with der

bris f}'om.hands) should not be rinsed back into
the container. ,

3.9, Ifitis difficult to enter the vein, or if a he-
matoma forms, release the tourniquet, promptly-
withdraw the needle, and apply .pressure to the
puncture site, Do not reapply the tourniquet to the
same arm for at least 20 minutes. Vigorous pulling
on the plunger of the syrine may collapse the vein,
produce hemolysis of the blood specimen, or ¢ause
air to enter the syringe. When repeated venipunc-
tures have to be done on one patient, select differ-
ent sites for blood withdrawal. * N

3-10. When you have finished the venipunc-

ture, have the patient maintain pressure ch the site
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gulant will depend on the analysis to- be*made.

" Ethylene-diamine-tetra-acetate (EDTA) is the an- .

ticoagulant of choice for a CBC. This anticoagu-
lant causes a minimum of distortion- to the cells

nd platelets. It does not dissolve quickly in-blood,

owever, so the tube must be inverted four or five
times when blood is‘added. The dipotassium salt is
prepared as a 1 percent solution in distilled water,
--and a final concentration of 0.5 ml. of anticoagu-
lants for each 5 ml. blood is used. Another com-
mon anticoagulant is ammonium-potassium oxal-
ate (Heller and Paul double oxalate).” This
combination of oxalates does not shrink or enlarge
the red blood cells appreciably. It is essential, how-
everf'to add an optimal volume of blood, no less
than 3.5 nor more than 6.0 ml. As you will recall

“from your study of clinical chemistry, ammonium

oxalate cannot be used when tests for urea nitro-
gen are to be done

3-13. Hepann does not alfer the size of cellular

“components. It is, in fact, technically ideal as an

anticoagulant and is the standard for comparison
of anticQagulant distortion. Heparin is more ex-
pensive and dissolves less readily than double ox-

* alate salts. Approximately 0.5 to 1.0 mg. is re-

quired to anticoagulate 5 ml. of blood for 72
hours. The quantity of anticoagulant noted above
in each case is, sufficient to prevent clotting of the
blood specimen. On the other hand, an excess of
antnco@gulant should be avoided because too much
will result in dlstornon of cells and hemolysns Ide-
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ally, differential blood smears should not be pre- -

pared from blood that cortains an anticoagulant.

3-14. If oxalate is added to vials and dried in :
an oven, take great care to avoid temperatufes
above 80° C. Oxalates are converted: to carbon- .

ates by prolonged exposure to elevated tempera;
tures. Under normal circumstances, it should not
be necessary to prepare your owh oxalate solutions
since prepared anticoagulant vacuum tubes are

- available from Air Force medical supply sources.

is essential to the proper perf]
cell count. The cellular contfituents must remain
free in the plasma and should be as similar as is

3-15. A correctly antipo:;t?_ted bload sample

Possible to those remaining in the patient's circula- »

tion. Only after'proper anticoagulation of the sam-
ple should you attempt the cell count, which is dis-
cussed ife following section. .

[

4-1. The process of counting cells is a ‘signifi-
cant chore in any laboratory. In this section we
will discuss.red blood. cellpcof (RBC), white
blpod cell counts (WBC), cerebrospinal fluid cell
counts (CSF), and counts of spermatozoa in
semen. We will also consider automated cell
counting and some of the quality gontrol measures
that will help you achieve accurate counts, .

4-2. Red glood Cell Count. Because of their
inaccuracy, red blood cell counts are no “longer
performed in most laboratories, except as part of
an index determination. When performing a man-
ual red blood cell count, use two separate pipettes
and fill two chambers from each pipette. The aver-
age-count is used to calculate blood indices;

4-3. When a venous sample is used, mix it

thoroughly just prior to pipetting to insure uniferm.
distribution of cells. This is accomplished by tilting ~
the' sample rather than by shaking it. Vigorous

mixing should be avoided, since hemolysis may re-
sult. . :

4-4. If capillary blood is used, you must work
rapidly after the puncture; otherwise, the specimen
may clot. You wbuld not necessarily be aware of a
partial clot, but thig would affect the outcome of a

determination. This could result in a low cell .
count, a low platelet count, or a clogged pipette. -

Take, care not to introduce tissue fluids by forcing
blood from the finger.

4-5. Hayem solution should not be more than 3
weeks old, and must be filtered: frequently. Occa-
sionally, blood “leaks” from the pipette ifito the
Hayem solution during diluting and causes serious
error, .

4-6, Pseudoaggh_xtination (false clumping) of

thg red cells occurs in cases of abnormal plasma

proteins (myeloma, Hodgkin disease) or with an
increase in cold agglutinins (e.g., viral pneu-

.

v

mance of a blood
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monia). Warming the Hayem solition to 60° C., .
will counteract the effect of cold agglutinins with-  ° &
out hemolyzing the red blood cells. LT
~ 4-7. In polycythemia the number of red cells o
may be too great to give an accurate count if a dj- T %
lution at 1:200 is ‘used. In this case, you should ¥
draw blood to the 0.3 instead- of the 0.5 mark,.and -
‘then dilute to the 101 mark-as’ usual. The resulting
dilution of 1N333 is used in the calculation.. In
anemia, the opposite condition may be the case. '
Blood'is, therefore, drawn to the 1.0 instead of the s
0.5 mark and the samplg diluted to the 101 mark. ‘
The resulting ditution of.1:100 is used in the cal-

. —

culation, as before. . ,
- 4-8. Sources of error for the RBC, manual
Zount arise from improper collection, unclean or
- moist pipettes, pipettes with broken tips, failure to, >
# draw blood to the 0.3 mark, and drawing bloed
Beyond ®® 0.5 mark. Blogd drawn beyond' the
mark depasits a thin film of elfs on the pipette,
éven though the ‘qlumn of fluid is immediately-
- brought back downatﬂthe mark; this practice can
*produce an elevated cell count, : cy
- 4-9. Diluting fluid should be pipetted’in a con-.
tinuous motion to, ‘but never beyond, - the 101 .
-, mark. The washing backward and’-ﬁoﬁyard of ¢ N
blood- and Wiluent ‘jn the pipette to-hit .thé, iR -
mark exactly overly* dilutes- the specimens, g(o@@ s
handling of the .specimen after capillary purépufes - .
allows some of the blood t& coagulate. Mix the -
blcﬁ;d specimen and diluent thoroughly in the pj-
pette just befoye.charging a hemacytometer. Avoid
overcharging or undercharging the counting cham-
ber. Make sure you have an even distribution of
. cells. in the counting chamger, and .count all the .
¢ cells‘c-a"refully%o not ent that contains de-
bris.
'4-10. To calcul
following formula:

Ll o

* 4 . t )
e the cell count, we use the .

-\ Average number of RBCs counted in the two chambers
\ X dilution (200) X depth factor (10) X area (5)
. . ' .= RBCs/cmm.

constant factors are depth, dilution, and area.
Multiplying the three factors, the result is 10,000, .
f the standaed procedure descriped above s fol-
lowed, the number of erythrocytes counted may be’ vy
multiplied by.10,000 to obtain the total eount per :
.emm. In other words, we just add four zeros to
our count. Normal RBC. values in million- per
cmim. are as follows:. birth 4.8—7.1, childhood
3.8—5.4, adult males 4.6—6.2, and adult females

4.2—5.4 (reference AFM 160-51). T
4-11. WBC Counts. You have many occasions . |
in your career to perform white blood cell counts ,.\,. ’ .

manually. Be sure the pipettes are clean dnd-dry.
This is a source, of error inr the counting of both

, 26
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{A)  When blood is drawn to the 0.5
mark (1:20 dilution). Instructions:
Place a straight edge from the 0.5
point in the left margin across
scale A to the number of cells
counted in scale B.q~Read the total
count from scale A.
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(8) When blood is drawn to the 0.2+
pipette reading (1:50 dilution),
Instructions: Place straight edge
from the 0.2 point in the left
margin across scale A to the number
of gells counted in scale B,

Read the total count from scalg\E;

i ‘ v .

Pipette Reoding Dilution Foctor Multiplier Normol Observed WBC Coun
.0 1:10. 25.0 200—-400 :
0.9 11 . 278 180360 -
0.8 1:12.5 31.3 160320
0.7 1:14.3 35.7 140-280
0.6 1:16.7 4.7 120240 )
0.5 1:20. 50.0 100—-200
0.4 1:25. 62.5 . 80160
03 1133, 833 60120
0.2 1:50. 125.0 ’ 40-80
0. 1:100. 250.0 20—-40
}C) If blood is drawn infa WBC pipette to the figure in column I, the //h
dilution is as shown in column II. Column III gives the figure to multiply

the number of cells counted in one chamber.

If the count is normal,

the

number of-cells you would count is given in column 1v.

v 7 Figure 5. Charts for circulating WBC count.

K
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Wwhite and red blood cells. The counting chamber
must be scrupulously clean and free of debris
which might be mistaken for cells,

4-12. In.cases where the WBC count is excep-
tionally high, as ip leukemia, the dilution for a-
white blood cell count shouid be made in the red
blood: cell diluting pipette. Blood is drawn to the
“1.0” mark, and the diluting fluid (2 percent
acetic acid) is drawn to the “101" mark. The re-
sulting dilution is 1:100.

4-13. In cases of leukopenia, the white pipette

should be filled to the “1.0” mark and diluted to -

the “11” mark with 2 percent acetic. acid. The re-
sulting dilution is 1:10. If the number of WBCs in
the chamber is still low, all 9 squares (9 sq. mm.)’
should be counted. Make the appropriate correc-
tion in calculation, dividing by 9 instead of 4.

4-14. The calculation for the WBC count is as
follows: :

Average (of two chambers) number of WBCs counted

% dilution (20) X depth factor (10 _ WBCs/cmm.
¢ area (4)

'S .

Calculation aids in the form of charts and tables
may be used. Some of these aids with the accom-
Papying instructions for yse are shownt in figure 5.

4-15. Cerebrospinal Fluid (CSF) Counts. CSF
is normaily water clear and cell free. The speci-
men is collected in three test tubes, numbered in
order of their collection. The third tube or final
specimen collected is used for the cell count. If
leukocytes are present, they may be counted and
differentiated directly in a hemacytometer. Spinal
fluid may also be diluted with a fluid which hemo-
lyzes any red cells present, and examined on a
Wright stained smear. With the ‘direct method.
place an undiluted drop of well-mixed spinal fluid
into one counting chamber of a hemacytometer.
Examine the entire ruled area for the presence of
cellular elements. If both leukocytes and erythro-
Cytes are seen, note the condition of the red cells
(fresh or crenated). If the total cell content is low
(less than 500), count all the cells and calculate
as follows: "

Cells counted x dpth factor (10) x dilution (1)
. area (9)

= cells/cmm.

If the total cell content is high (over 500) and gif.-
ficult to count, the specimen can be  diluted
(1/10) in a white cell dilution pipette with Hayem
solution and the total cells counted. The calcula-
tion then bécomes: '

Cells counted x depth factor (10) x dilution (10) /
area (9)
: -~ = cells/cmm.

14

* abscesses, and inflammatio

4-16. Theﬁal technique is to draw the spinal
fluid diluent to the 1.0 mark of the WBC.dilution
pipette; then draw a well-mixed specimen of
spinal fluid to the 11 mark of the pipette. Shake
the pipette for 2 minutes to mix the specimen.
Overshaking may cause the white cells to clump,
so this should be avoided, Charge the counting
chamber and allow the cells to “settle for 5
minutes. Under low power magnification, count
all cells in the entire ruled area (9 square mm.),
Then switch to high power magnification and
examine for the differential count,

Cells counted x depth factor (10) x dilution (10/9)

area (9)
= cells/emm.

If more than 100- leukocytes per cmm. are
counted, centrifuge the undiluted specimen, make
a smear, and stain with Wright stain. Perform a
routine differential count and estimate the ratio of
erythrocytes to leukocytes. (NoOTE: It may be nec-
essaryeto use egg albumin or cell-free serum to
make the sediment adhere to the slide.) Spinal
fluid may be turbid if the cell count is higher than
500 cells per cmm. If there is gross blood with
spontaneous clotting, this indicates a bloody spinal
tap. Xanthochromia (yellow coloration) develops
after subarachnoid hemorrhage has been present
for a few hours and is due.to blood - pigments.
Xanthrochromia may also develop from tumors,

4-17. Cell counts abovenh& may be significant,
The lymphocyte is the predominant cell in most
viral infections, syphilis, and tuberculous meningi-
tis. Pyogenic.infections due to meningococci and
pneumococci usually result in a predominance of

the neutrophil. Cerebral and extradural abscesses,

as well as subdural hemorrhages, produce a peu-
trophilic response although no bacteria can be
demonstrated. You should realize that to reflect

the true condition of the cerebrospinal fluid,"
biochemical, bacteriological, viral, serological, and

hematological examinations are all necessary.
4-18. Sperm Counts. Semen analysis also in-
volves a cell count. However, several other aspects
should be considered first in this procedure.
Semen analyses may be requested by a physician
in the diagnosis of infertility or as a followup test
after vasectomy. '
4-19. Instructiony to the patient for semen
collection must be explicit and expliined in-a pro-

fessional manner. Usually the attending physician

will give these instructions: however. the techni-
cian should remind the patient of several critical
points. First, the patient may be required to ab-

' stain from intercourse for a period directed by the

physician. The best contdiner for collection is -a
clean wide-mouthed glass jur; but if a condom

25




o : . 4-21. Within 15 to 30 minutes after collection

v tat- Sl 7 PHOTOMQLIELIER the semen will liquify from the action of fibrinoly-
— y W'Egggggf’f ‘ . sin. When the specimen lias become fluid, place 1
' drop on aslide and place a cover slip on it. Do not

@- .:.j ZI QO 1141 delay in performing the motility examination.

LAMP Under high dry power, count motile and nonmo-
cor?:;:;xue ' ow o tile spermatozoa in two or more areas. Only those
DARK FIELD' DISC ' which move forward. actively are considered mo-
10 erecrrohie ~ tile. Record the percent of motile forms seen. Re-
COUNTING CIRCUIT peat this procedure in 3 hours and 6 hours, using a
. ' . . . new drop from the original specimen each time.-

Flgufs'\scmgit;ii:; s:;:of:?a;:‘ronxc particle Do not incubate at 37° C., since this impairs mo-

' ‘ tility. .
must be used, it should be thoroughly washed, 4-22. The sperm count is made when the speci-
rinsed, and dried before using. All of the specimen - €D has becpme flmd- Mxx the specimen thpr-
must be collected, since the sperm count varies oughl_y .and dilute it 1_:20 “flth a fixative solution
considerably in different portions. You should also ~ €Ontaining 5 gm. sodium bicarbonatg, 1 ml. for-
explain that the specimen must be delivered to the ~ Malin, af’d 100 ml. of distilled water. This dilution
laboratory as soon after collection as possible, pre- - may be ‘made b_y pretthg 0.1 ml. Of. semen and
ferably within 30 minutes and never over 2 hours. 1.9-ml. of the dll"_mng fluid. Let t-h_c mixture stand
During this time the specimen should be kept ar ~ until the mucus dissolves. Shake it thoroughly and
room temperature (25° C.) and not subjected to load a hemacytometer. Count the spermatozoa in

extremes of heat or cold. the same manner.as you woul(.i count RBCs.
4-20. Upon receipt of the specimen, you should The calculations are as follows:

record the time received and the time of collec- Sperm count X 20 (dilution) X § (area) _

tion. Then measure the volume in a 10 ml. gradu- X 10 (depth factor) = sperm/cubic mm

ated cylinder. At this time, observe and record the ,

color (white, grey, yellow, etc.), turbidity (clear, Then convert your answer to “sperm/ml.” by

opoleséent, opaque, etc.), and viscosity (viscid, multiplying the above answer by 1,000.

gelatinous, liquid). Finally, in this gross examina- EXAMPLE:

tion, determine the pH with a pH reagent strip and ] 155 % 20 X § X 10 = 155,000 sperm/cubic mm.

record thiS. ‘ _ 155,000 X 1,000 = 155,000,000 sperm/ml.

"
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Figure 7. Schematic of a resistance-impedance electronic counting apparatus.
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" converted into an electrical puls

Normally, a cubic millimeter of semen contains
60,000,000 to 300,000,000 spermatozoa.
4-23. Automated Methods. There are at least

two automated methods available for counting

blood cells. One of these methods is an optical sys-
tem based upon the production of light impulses.
Id this system, the cells are diluted and drawn
through the counting zone by a positive displace-
ment metering pump. As cells pass through’ the
counting area, they produce photoelectronic jm-
pulses which can be counted. Another method of
automating the counting of blood cells utilizes the
principle of resistance in an electrical field. Since
blood cells are poor electrical conductors, they act
as an impedence to current flow. As more cells
pass into the electrical field they offer correspond-
ingly more resistance. The change in the current
flow caused by the change in resistance is sensed
and counted by a digital counting gpparatus. The
digital counter is designed to produce numbers in

a range which approximates the number of blood" *

cells that cause tke resistance.

4-24. Devices with optical systems. Several in-
struments employ a photoelectronic counting de-
vice which uses an optical sensing system and an
electronic counting system. As the diluted blood
specimen enters the counting area, the sample is
“inspected” by a reversed.dark field microscope
arrangement. A schematic presentation of this ar-
rangement appears in figure 6. When no ‘particles
are present in the sample, the narrow light beam
from the lamp passes straight through to a dark
field disc, which blocks further passage. However,
any suspended particles, such as blood ce s, will
interrupt the light beam. Scattering of the light
beam due to the mass of each blood cell dauses a
light flash to pass around the dark field
light ‘flash is focused into a detecti system and
that can be

counted. Ve :

4-25. Impedence (resistance) counters. If a
suspension ‘of erythrocytes . in an electrolyte is
drawn through an aperture having electrodes on
each side to form an electrical circuit, the system
can be utilized to count the red blood cells in sus-
pension. As the blood cells pass through the aper-
ture, the mass of the cell changes the resistance
between the electrodes. This changing of the re-
sistance alters the current flow and causes elec-
tronic pulses as a result of the variation in the
field. The changes are amplified, inspected, and
counted electrically. The eénd product is a number
which represents the number of blood cells in the
sample being counted. By arranging the pulses and
the sampling volume and sampling time, this de-

- vice can be used to report directly the number of

cells per cubic millimeter. Figure 7 is a schematic
of the operation of one commercial instrument
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that counts blood cells by using the electronic
principle of resistance change. When the valve js
opened, the mercury falls, thus creating a vacuum
in the sampler. This change in pressure causes
cells in the sample to be sucked through the aper-
ture and into the sampler. The removal of cells
from the sample causes a change in electrical con-
ductivity between the two electrodes. This change
is amplified and displayed” on the scope. It is
further amplified and registered oh the digital
counter. The higher the count, the greater the
probability that more than one cell will enter the
aperture at one time (coincidence passage). For
this reason, white blood counts over 100,000 and
all red blood counts are corrected for coincidence
passage.

4-26. Other methods for the automated enu-
meration of blood cells are currently available in

instruments on the commercial market. Further re--

finements and developments for newer, more ex-
tensive automated techniques are undergoing re-
search and evaluation,

4-27. Problems of electronic counting. One of

the three most common errors of electronic cell

counting lies in dilution inaccuracies. Automatic
dilutors contribute an additional slight error over
careful manual pipetting, However, automation
does reduce the personal dilution’ variation among
technicians. Erroneous impulses are another com-
mon problem with electronic counters. The instru-
ments are particle counters and cannot differen-
tiate blood cells from other solids. False impulses
result from electronic problems such as inadequate
electrical ground or a lack of shielding from exter-
nal electronic noise. Centrifuges with worn arcing
brushes are excellent electronic noise generators,
A background count using a clean diluent with a
known low count should identify these sources of
error. Contaminating particles in apparently clear
diluent are another source of impulses. A sealed
bottle of saline for injection is no guarantee that
the saline is suitable as a diluent. ‘Background
counts must be made on all diluents a5 a part of
the daily quality control program.

~4-28. In addition, the stromatolyzer (saponin,
triton X-100, etc.) must be added to the diluent
and tested to determine whether
contains particulate matter as well,

less than 8 microns. Diluent solutions that have a
total background count (diluent + stromatolyzer)
of over 100 should not be used. Cellular debris
may also cause falsely elevated cell counts. An op-
timal concentration of stromatolyzer must be pre-

" pared. Errors are introduced also if leukocytes are

affected in the process of RBC lysis. An optimal
concentration of stromatolyzer is that amount
which will lyse RBCs so that the RBC cellular de-
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bris is less than the WBC threshold setting for the

instrument. A cell size distribution curve will de-
termine the threshold. However, the stromatolyzer
‘must not be so concentrated that WBCs are lysed
before the count can be completed. Counting re-
petitive WBCs at 5-minute intervals will determine
the time allowable before WBC lysis occurs.
Usually 15 minutes is a maximum time allowance.
Varous lots of saponin in the same concentration
will vary considerably in their hemolyzing ability.
Usually thé manufacturer supplies controlled lots
of hemolyzing reagent which are suitable.

4-29, Certai%dditional precautions should be
observed when Bing electronic particle counters.
First of all, keep in mind that running one control
does not control an entire group of procedures.
Errors may still be introduced with individual
samples. Most laboratories allow a =2 percent
variation for different dilutions of the same sam-
ple. Bubbles must be avoided since thgy will be
counted as cells. Court each specimat at least
three times. Run a higher dilution for WBC counts
over 100,000/cu. mm. and correct these counts
for coincidence passage.” When all is going well,
the oscilloscope pattern will show steady peaks of
‘approximately the same height. Flashes on the
screen usually indicate a plugged orifice or con-
taminating debris. It is well to flush the orifice be-
tween counts with diluent. Replace the plastic
tubing periodically to avoid cumulative contamina-
tion. Calibrating instructions for commercial in-
struments are available from the manufacturer. If
you encounter problems such as continuous count-
ing, failure to count, and loss of vacuum, consult
the medical equipment repair personnel.

4-30. To reduce incidence of instrument fail-
ures, do the following on a daily basis:

a. Observe the mercury traveltime in the ma-
nometer. If'the mercury column does not move,
moves erratically, or flows quickly into the aper-
“ture tube, the manometer needs cleaning.

b. Record a background count with diluent and
diluent plus saponin at the WBC threshoid setting.

¢. Record the control suspension counted at the
RBC and WBC setting.

d. Flush orifice with dilute sodium hypochlorite
(bleach). Flush the system thoroughly with dis-
tilled water and then saline. '

4-31. In addition to the daily maintenance,
other maintenance should be performed periodi-
cally. Once each week do the following:

e Oil the vacuum pump.

e Clean the orifice tube; be very careful with

the orifice insert.

e Check threshoid zero.

Once every 6 months you should:
- @ Change the latex tubing.

*
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e Thoroughly clean the manometer.
o Check the calibration factor for the instru-
meént, i

A few crystals of thymol or filtration through
a membrane will keep the saponin or other lysate
free from contamination. Use only saponin that is
recommended by the manufacturer of the instru-
ment. .
4-32. Using the cell count techniques described
above you can rapidly determine the number of
cells present in a small sample, and from this in-
formation you can calculate the number present in
a larger volume. If you had to count each cell in a
small drop of blood by eye, it would probably take
you several days to eventually count the millions
found in such a drop. Of course, s you count
cells using these rapid techniques you can’t tell
much about them. A discussion of techniques for
observing individual morphological characteristics
of single cells follows in the next section.

5. Mieroseople Studies

5-1. While working in hematology, you spend
much of your time using the microscope. Most of
your microscopic work is devoted to the routine
differential. Though a clinically \vital area, the dif-
ferential count requires considerable knowledge
and often subjective determinations. In Chapters 3

- and 4 of this volume we will review the morphol--
ogy of normal and abnormal cells—both erythro-

‘cytes and leukocytes. How well you understand

the maturation sequence of cells will necessarily
determine how well you perform differentials.
However, there are even more basic considerations
than identifying cells. We will discuss some of
these areas in this section. You may also perform
morphological studies on semen, and we are,
therefore, including a discussion of this subject in
this section.

5-2. The Differential. The routine hematology
differential smear does not possess the fascination,

" iptgrest, and diversity associated with bone mar-

foiv or bacteriological microscopic analysis. The
smallest laboratory is required te perform a com-
plete blood count, including routine differential
evaluation .of a blood smear. An intergral part of
this analysis is an evaluation of atypical leuko-
cytes, normal or abnormal erythrocytes, and the
quantity and quality of platelets encountered dur-
ing}he leukocyte count. : .

-3. Proficiency survey results in USAF labora-
tories and comparative studies reported in the lit-
erature indicate considerable variation among lab-
oratories and, in fact, among technicians reporting
observations from identical blood smears. This
variation in differential reports is often attributed
to faulty smear or staining technique. .Vagaries of
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the Wright stain procedure may explain some of
this variation, but they do not adequately account
for wide differences that exist among reports. The
primary reason must then be differences in inter-
pretation by the techpicians,

5-4. A medical 1 boratory technican may be-
come proficient in roltine blood differentials only
if he has an understan ing of certain basic infor-
mation. Since routine differentials primarily screen
normal blood cells, it is nedessary to recognize all

the characteristics of a normal blood cell. This in- .

cludes normal biological variation. For instance,
not every lymphocyte is exactly the same size, nor
do all lymphocytes have exactly the same number
of azurophilic granules.

5-5. A technician must understand the lan-
‘guage of hematology. Awareness of the terms and
the synonyms in hematology is essential to a com-
prehensive understanding. Reference materia] such
as AFM 160-51, Laboratory Procedures in Clini-
cal Hematology, and authoritative hematology
texts are available in Air Force medical laborato-
ries or libraries.

5-6. Experience is the foremost teacher in he-
matology. It is readily acquired in a busy hematol-
0gy section where the opportunity for diffarential
analysis occurs frequently. Experience cane%é di-
versified and interesting if proficiency slides and
material from cases of confirmed diagnoses are
maintained as study sets. This study material
should be available to all technicians in the labora-
tory.

5-7. All routine blood smears should be kept
until the physicians have reviewed the differential

-reports. A 1-week period is usually adequate. Oc-

casionally, a review of a specific problem slide re-
sults 'in findings which were not originally appar-
ent and reinforces confjderice in, the laboratory by
the medical staff. This practice also adds to the ex-
perience and proficiency of the technician.

5-8. Certain ‘morphological and _histochemical

characteristics are utjlized to differentiate blood °

cells. A review of the significant features will
Promote a better understanding of ‘blood differen-
tials. Cellular characteristics such as relative size,
shape, cytoplasmic granulation, _ nuclearcyto-
plasmic ratio, nuclear configuration, chromatin or
nucleoli are very important.

5-9. Size considerations in differentiating blood
cells require a defined linear standard. The micron
(.001 mm.) is usually used in reference to micro-
scopic dimensions. Ocular micrometers are availa-
ble through Air Force medical supply channels
and are easily calibrated, using a’hematocytometer
which has standardized dimensions. In routine
screening of blood smears, an experienced techni-
cian relates the size of a normocytic erythrocyte
(7 to 8 microns) .to the size of the white cell to be
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differentiated, singe erythrocytes are usually pres.
ent throughout the microscopic field. Finally, it
should be understood that personal visual digcrim-
ination is an inaccurate gauge of linear measure.
Some reference measure should be employed.

5-10. The shape of blood cells often depends
Q{lon\the smear and staining tgchnique. Variations
thet have no clinical significance may occur from
physical and chemical distortion that result from
technical error. These variations can be avoided

with more careful technique. Each routine smear °

should be, scanned initially to evaluate the smear

‘and stain quality before differential analysis. ‘

5-11. Cytoplasmic - granulation—neutrophilic,
basophilic or azurophilic—is an jmportant mor-
phological observation. -Differences  in granule
color in Wright stained preparations are caused by
the variable dye affinity of specific granules. The
intensity of colors and the relative blueness or red-
ness of the erythrocytes may be used to evaluate
the quality of the stain. The familiar basophilic
(blue), eosinophilic (red), and neutrophilic
(pink) granules are quite obvious in routine blood
smears. The presence, absence, type, and quantity
of granules are characteristic attributes used to dif-
ferentiate leukocytes. )

5-12. The size ratio of nucleus to cytoplasm
(N:C) is a differentiating characteristic, ‘For in-
stance, a cell with a nuclear mass equal to the cy-
toplasmic mass would have an N:C ratio of 1:1.
The total cell mass' is usually greater in the more
immature cells and decreases as the cell matures.
The nuclear mass usually decreases also as the cell
matures. Of course, lymphocytés are the exception
to this generality.

5-13. The nuclear configurations of leukocytes
help distinguish these ceils. Round, oval, indented
band, or-segmented are terms used to describe
variations in shape. These normal configurations
can be distorted by physical and chemical factors
mentioned previously. Some of the leukocytes are
so fragile that in thick blood smears their normal
configuration may be distorted by the pressure of
erythrocytes forced against them. These artifacts
should be recognized as such in an intelligent eval-
uation of blood differentials.

-5-14. Problems have arisen concerning the dif-
ferentiation of band neutrophils, but there is a
conventional method of differentiating them. The
distinction depends only upon nuglear configura-
tion. The precursor of the band cell is the meta-
myelocyte (juvenile) cell, and the more mature
cell is the segmented neutrophil. The nucleus of
the metamyelocyte is described as kidney or bean
shaped. The nucleus of the segmented neutrophil
is divided intd lobes that are joined by filaments.
Since the band cell lies between these two in its
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stage of development, any cell that becomes more
indented than bean shaped and does not possess
filaments must be called a band cell. The only ex-
ception would be a neutrophil more mature than a
metamyelgeyte in which the nucleus is folded upon
itsel not completely visible. According to the

f differential counting, this folded cell is
called the more mature cell—a segmented neutro-
phil.

5-15. In addition to nuclear shape and size, the
internal nuclear morphology shows differential in-
clusions. The chromatin appears finely reticulated
in some cells, or as a course network, or even
clumped, in others. The parachromatin, a lighter
staining material beside the chromatm, may be
scant or abundant. The appearance of the chroma-
tin and the quantity of parachromatin are utilized
to differentiate blood cells. The presence, absence,
and number of nucleoli in the nucleus aré the most
distinctive characteristics of immature nuclei in
bloed cells. :

5-16. Slides ‘'must be clean and free of oil,
grease, lint, or dust to prepare good blood smears:
It is best to use new slides, but sometimes it is
even necessary to clean new slides in 95 percent
alcohol. Blood smears are usually made from a
sample of blood from the needle immediately after
venipuncture. Otherwise, the sample may clot or
dry. A full falling drop of blood is an excessive
amount for one glass slide. Approximately half of
this amount-is ideal. Blood smears should not rou-

3

drying, because this may distort the cells. When )
Wright stain is applied, it should cover the slide,
be “heaped up,” and must not be allowed to re-
main long enough to evaporate. Wright buffer
should be added to the stain in a small stream
without overflowing the slide. Blowing gently on
the slide sometimes is recommended if the stain-
buffer mixture is not evenly distributed. A green
sheen appears if the\stain and buffer are properly
mixed. The times for staining and buffering
should be adjusted with each fresh bottle of stain
to give the best results. The stain should be
flushed from the slide with distilled water. Wipe
excess stain from the ungder surface of the.slide
and air dry the smear. .

5-20. In marked leukopenia, smears can be
made from the white cell layer (“buffy coat”). In
this case, you must be careful to use all of the
buffy coat, and not a selected fraction which may

- not contain representative cells. Centrifuge the

blood in a Wintrobe hematocrit tube at 500+to 800

. rpm. for 5 minutes. Remove the buffy coat and

tingly be made from blood containing an anticoag- -

ulant. Anticoagulant distorts the cells and alters
staining characteristics. Two or occasionally more
blood smears should be made initially so that addi-
tional slides may be stained without collecting an-
othrer specimen.

3-17. Use a sharp lead pencil to write the name
of the patient in the thick area of the smear. A
properly made blood film covers at least one-half
the length of the slide but not more than three-
fourths of the total length.

5-18. Different stains and different techniques
are used to stain blood films. Two types of stains
are in general use—those which stain fixed cells,
and those which will stain. living cells (supra-wtal
stain). The panoptic (differentiating) gtains gener-
ally used in he tology are Giemsa“and Wright
stains. When giitimal staining conditions exist,
Wright stain My satisfactory and easily differ-
entiates cells. erght stain consists of methylene
blue and eosin dissolved in methyl alcohol.
Giemsa stain may, be included i in the staining solu-
tion. The alcohol also fixes the blood film to the
slide.

5-19. Allow the blood film to air dry com-
pletely. As you probably know, you should not
blow air on the slide in an effort to enhance

[7]

make the slide in the usual way. .

5-21. Slides should be stained within a few
hours after they are made. If a delay of more than
3 to 4 hours is necessary, slides should be fixed in
95 percent methanol for 30 minutes. This protects

- the slides in areas of high humidity. Excess mois-

ture hemolyzes red cells, while white cells become
distorted or. disintegrate rapidly from bacterial ac-

" tion.

5-22. Protect blood slides from insects, because

. flies and cockroaches will eat the fresh blood. If

this is a problem, you should follow the procedure |
of fixing the slides in® methanol and store them in
slide boxes. ‘

5-23. Very little actual staining takes place dur-
ing the fixing stage. Most staining occurs during
the buffering stage. It is important to add just
enough buffer; otherwise, the sinear will stain too
lightly. Do nct blot the smear or place it in the
heat of a lamp Heat darkens the stain and may
cause cell distortion.

5-24. Microscopically, properly stamed rcd
blood cells are buff pink. If the RBCs are blue, .
this indicates that the stain is too alkaline. With an
alkaline stain, the WBCs stain dark and hawe only
‘fair distinguishing characteristics. However, abnor-
malities of the RBCs will be masked by the heavy
stain. A dark stain may be caused by smears that
are too thick, overstaining, evaporation -of the -
stain, .2 stain br diluent that is alkaline, and alka-
line es.

5-25. If the red blood cells -are too red, the
stair is too acid. In this situation, the white blood

- cells (except eosinophilic granules) stain very

poorly. The tendency ‘toward acid staining is
caused by incomplete drying before staining, insuf-
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TABLE 2

Srm~£o REACTIONS UNDER VARYING CONDITIONS

.

Y

Type -of- Blood-

Cell or : )
Component Good Stain Acid Stain. Alkaline Stain
¥ N EY

Erythrocytes Buff-pink Bright red;i;»’”"ﬂ~ Blue or green

, orange -
All nuclei Purple-blue Pale blue Dark blue
Eosinophilic Granules red Brilljant, hd Deep gray or
granules distinct blue
Neutrophilic \ Violet-pink Pale bark,
granu o prominent

1 )

Lymphocyte Blue Pale blue, Gray or
cytoplasm lavender

|

ficient staining, and overdilution of the stain with
buffer. Acid staining is also often caused by pro-
longed washing of the slide after staining, the use
of stain or buffer that is acid, and by dcid fumes in
the laboratory.

5-26. As a technician, you should strive for a
* staining reaction that is neither too glkaline nor
too acid in order to acquire’optimum distinguish-
ing features for all the cells; If the staining reac-
tion is excessively alkaline, &ecrease the time of
staining or neutralize the stock stain solution with
1 percent acetic acid or 1 percent hydrochloric
acid. If the staining reaction is too acid, increase
the time of staining or neutralize the stock stain
solution with 1 percent potassium bicarbonate, or
a weak splution of ammonia water. Check the re-
sults on trial slides after the addition of each drop
of the acid or alkalizer. A poorly stained smear

L

may be saved by destaining rapidly with 95 per-
cent alcohol, washing quickly in water, then re-

" staining. Most often, it is better to start anew, mak-
ing fresh stain, buffer, or both. Refer to table 2 for
a comparison of properly and mproperly stained
cells.

5-27. In some areas, distilled or demineralized
water may be used%}n-n place of a buffer solution. If
acid or alkaline stains result, you should change to
a buffer solution prepared with distilled water,
Preweighed buffer salt. tablets are available com-
mercially, which sunphfy the. preparatmn of buff-
ers. Table 2 describes the various staining reac-
tions.

5-28. Examine a stained blood smear under
low power magnification to check the general dis-
tribution of cells and stain quality. Select a thin,

\}ell-stained area under high power magnification

TABLE 3
NorMAL DIFFERENTIAL VALUES

( . Percent
Neutrophiiic metamyelocyte$ 0-1 o
'Neutrophiﬁic- bands 3-5

Segmented neutrophlls \ N 55-65 .
0 'E051n9ph115 2-4

Basophé&s 0-1

L}mpﬂﬁcytes 20-35

Monocytes 2-6 h
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and switch to the oil immersion objective for your
differential count. The intracellular morphology
previously mentioned for differentiation cannot be
observed adequately except with the oil immersion
lens. A properly prepared smear should be thin
enought' so that there are few overlapping red
blodd cells uniformly stained and relatlvely free of
precipitated stain. Normals for a differential count
are shown in table 3.

5-29. Observe the platelets in several oil im-
mersion fields to estimate their number and report
as normal, increased, or decreased. The normal.js
an average of 4 to 6 per oil immersion field. I
they appear significantly decreased, a thrombocyté -
count or coagulation test may be indicated.

5-30. Many times you may find that leukocytes
are not evenly distributed over the smear. Mono-
g:}anular leukocytes tend to clump near

cytes and
the edges of the smear, while lymphocytes remain

in the centrgl portion. The cells at the extreme
edge of the Smear should not Be counted. They are
likely to be distorted and are véry difficult to dif-
ferentiate. ,

5-31. In routine laboratory work, counting 100
consecutive leukocytes on a stained blood smear is
usually sufficient for a clinical workup oa a pa-
tient. However, if the differential | ukocyte count
is_abnormally high, an additionat“100 white cells
should be evaluated. If’you count 200 cells, you
may find that division by 2 for a particular kind of
cell results in a decimal figure. You should not re-
port the decimal fraetign. In rounding number,
always repqrt the lesser figure for cells that are rela-
tively rare. For example, if you count 5 eosino-

- phils in 200 cells, report 2 instead of 3. Be sure

" that the total count adds up to 100.

5-32. The gradual transition from the meta-
myelocyte to the band and then to the segmented
granulocyte makes’ precise classification difficult.
A good rule to follow is to classify the cell accord-
ing to the more mature form.

- 5-33. Morphological Examination of Semen.
To study the morphology of spermatozoa, make a
smear of semen and allow it to air dry. Then flush
with diluting fluid to dissolve mucous and wash
with Wright buffer. Stain the smear with Wright or
Giemsa stain. Examine it with the oil immersion
lens and record the percent of abnormal forms.

- The morphology examination may also be ob-

served while doing the count. Morphologically
normal sperm are quite uniform in appearance.
Any sperm with rbunded. enlarged, small. or bi-
lobed heads are abnormal. Abnormal tails may

-also be seen as enlarged, small, irregular in length,

absent, or multiple.

¥
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put-it. Both the sperm count and the stained smear
are performed with materials common to the he-
matology sections of clinical laboratories. The next
subjecMslﬂassion, hemoglobin and hematocrit
studies, are also routinely performed in hematol-
ogy sections of all sizes.

6. Hemoglobin and Hematocrit Studies

6-1. The oxygen carrying capacity of blood can
easily be determined in theglaboratory by means of
either a hemoglobin or henfptocrit. In most cases,
it is desirable for the clinician to know both val-
ues, especially in evaluating anemias.

6-2. Hemoglobin Determinations. The meas-
urement of hemoglobin in the blood is a simple
means of aiding irf the diagnosis of anemia or pol-
ycythemia. It can also aid the physician in other

ways, such as in assessing blood loss. It can be

done quickly with a small amount of blood. Cur-
rent procedures employ the principles of spectro-

photometry. A flowathrough hemoglobinometer is

pictured in figure 8. Operation of the machine is

simple. Prior to actually testing a specimen, the .

machine must be set using a baseline saline solu-

tion. This i done by running saline through the

machine an
trol. Next,

adjusting to zero with the zero con-
the machine is calibrated using an

" amarath dye solution. The machine is adjusted to

15 grams/dl. with this calibration solution. The
machine is now ready to accept the actual speci-
men. An internal pump sucks the specimen up
through the long slender sampler on the front of
the machine. An aliquot of a hemol’yzing solution
is then pumped from the reservoir (on the left).

A

The ‘specimen is mixed, hemolyzed, and passed -

through a filtered cuvette for reading. The reading

* goes to an analog comfuter which converts it into

5-34. Morphological examinations of semen ‘

smears is included in this volume that discusses
hematology because it is the most logical place to
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.a numerical geading that is displayed on the digital

readout register. In principle, this method meas-

-«

ures the 3 naturally occurring hemoglobin pig- ‘
ments (oxyhemaglobin, reduced hemoglobin, and

carboxyhemoglobin). It is not a modification of
the standard cyanmethemoglobin procedure.

6-3. Because of wide variations in the hemo-
globin values of -normal individuals, it is impos-
sible to give a single exact normal value. Hemo-

globin values are usually expressed in grams/dl -

of whole blood. Significant variations in' normal
hemoglobin values exist in different age levels

~and between ‘males and females. The range of

values i$ presented in table 4

6-4. For current methods employing spectro-
photometry, the probable overall qrr&r of hemo-
globins should be less than 0.5 grams percent.
A carefully measured manual dilution should have
confidence limits of no more than 0.3 gm. per-
cent (2 S.D.). Pipettes that are obtained through
regular supply channels cannot be assumed to be

i
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Figurc 8. Flow-through hemoglobinometer.
accurate. They must be checked for accuracy. A some way to identify them. Technjcians must not
simple way to do this is to perform a hemoglobin  use new pipettes that have not been checked for .
determination on a known sample of blood with accuracy. Experience has shown that some new pi- -
each new pipette. If the result is out of range, re-  pettes will cause results to be in error by as much
peat the procedure until you are certain about the  as 0.75 to 1.0 gram percent of hemoglobin. Pipet-
pipette. Acceptable pipettes may be marked in ting errors usually affect test results significantly. -
TABLE 4
i NoRMAL VALUES FOR HEMOGLOBIN IN DIFFERENT POPULATION GROUPS , ’

‘ ' Normal values in gm per

Population group 100 ml of whole blood

Infants at birth ™ “ 18-27 . :

* Childhood” | . 10-15
Adult males - 14-17 |
Adult females 12-16"
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syringe measures the diluent. Both of the syringes
can be set to draw a metered amount repeatedly
within an allowable range of error. Using the auto-
matic diluter, the technician can “‘pipette” with in-
creased reproducibility. Do not forget, however,
that rep cibility (precision) and accuracy are
not synonymous terms. .

6-6. In the cyanmethemoglobin method, a
measured quantity of blood is diluted in Drabkin
solution. The hemggl}ain content is then deter-
mined in a spectrophofometer. )

6-7., Drabkin solution contains poisonous cyan-
ide and must be handled with care. Cyanide salts
should be stored in a secure area. Discard all solu-
tions containing cyanide in a free flow of water to
minimize contact with other chemicals, especially
acids, which will release poisonous fumes.

6-8. Cyanmethemoglobin is a very stable he-
moglobin pigment that does not deteriorate for sev-
eral years if stored in a refrigerator. Of course,
you would not expect to rely on any one standard
indefinitely. The availability of commercially pre-
pared stable standards is a distinct advantage of
,this method. Run ddily controls as suggested in
section 7; do not rely on tables or curves that are
not checked daily.

6-9. Sources of error include the following: im-
properly calibrated pipettes, unclean cuvettes and
pipettes, instrument errors (e.g., line voltage fluc-
tuations in the spectrophotometer;-loose electrical
connections, faulty wavelength calibration); im-
proper dilutions, unmatched cuvettes, and improp-
erly prepared or deteriorated Drabkin solution. If
this solution is stored in an opaque container out
of direct sunlight, it remains stable at room tem-
» perature for several weeks. You should pay partic-
ular attention to the loss of color in the blank,

globin. Copper ions are reported to cause this inst-
ability in both the ammonium hydroxide. and
sodium carbonate oxyhemoglobin procedures. An-
other method using EDTA-Na, reportedly elimi-
nates this preblem.

6-11. If a direct reading hemoglobin. scale is
not available, the stangard percent transmission
scale may be used. Standardize th pectrophoto-
meter to establish a curve of percent transmission
in relation to gramegggrcent of hemoglobin. The
detailed procedures. for standardizing spectropho-

~ tometers and determining hemoglobin curves are

supplied with each
ard. '
6-12. The “inactive” forms of hemoglobin i
(e.g., methemoglobin, carboxyhemoglobin, sulfh-
emoglobin) are not converted to oxyhemoglobin
by any oxyhemoglobin method. This is especially
pertinent in the case of heavy smokers who have

package of hemoglobin stard- y

. an abnormally high fraction of carboxyhemo- .

since it is exposed confinuously to light. A fresh .

Drabkin blank should be read spectrophoto-

etrically against a water blank. Then subsequent
readings during the day will determine whether the
Drabkin blank has faded and thus resulted in
falsely elevated readings of the unkngwn,

6-10. In a widely used oxyhemoglobin method,
hemoglobin is converted to oxyhemoglobin by di-
lute ammonium hydroxide. T; specimen is placed
in a cuvette and the hemoglgbin content is ob-
tained spéctrophotometrically. Oxyhemoglobin is
gradually converted to alkaline hematin. This mix-
ture cannot be calibrated without reaction time

conttol. In addition, substances other than hemo-

globin apparently affect acid hematin color. This
is a secondary reaction that is accelerated
creasing alkalinity. In manual methods, this oxy-
hemoglobin methiod is less desirable than cyanme-
themoglobin because the time required for

with in-

complete reaction is critical. In. addition, oxyhemo- .

globin is less stable chemically than cyanmethemo-
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globin. From a practical clinical.standpoint, it-may
not be of significant value to measure carboxy-
hemoglobin (which is relatively unavailable for
carrying oXygen in the body); however, an impor- .
tant consideration is the lower indices values .
MCH and MCHC, which result from a 1ow}\
hemoglobin value, i.e., without carboxyhemo-
globin. ) ' «

6-13. There are many other means of measur-
ing hemoglobin which are not nearly as accurate
as the methods previously described but still prac-
tical in some field situations. An example is the
copper sulfate method in which specific gravity
serves as an indication of hemoglobin content. In-
accurate methods (e.g., Talquist, Haden-Hausser,
and Sahli) should not be used routinely in the
clinical laboratory.

6-14. Hematocrit. The hematocrit is so widely

- used that only a few comments are necessary. This

is a very important test. The relative merits of the
hematocrit (Hct) versus a hemoglobin (Hgb) de-
termination have long been argued, but as medical
laboratory technicians we are concerned Jwith ac-
curacy and sources of error more often than which

-

“test is to be performed. If microhematocrits can-

not be read promptly after centrifugation, the cap-
illary tubes must be properly identified and placed
in a vertical position br centrifuged again. Slanting
of the cell layer will occur if tubes are left in a
horizontal position for more than 30 minutes.
6-15. Other sources of error include inadequate
sealing of the capillary tube, improper identifica-
tion of capillary tubes, misreading the red cell
level by mistakenl’y including the buffy coat, and
squeezing the finger during puncture (causing di-
lution of specimen with tissue fluid), or failure of
mix the blood if it comes from a test tube. A com-
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mercial plastic sealing'muterial is preferred to ™

modeling clay or heat sealing of the capillary tube.
Centrifugation must be adequate to pack the cells
firmly, A worn centrifuge may easily rgsult in
falsely elevated hematocrit readings, especially if
the motor speed is decreased due to worn brushes
or other-mechanical failure. Generally speaking, it
is much easier to underpack the cells than it is to
overpack them.

6-16. A recently developed method for measur-
ing the concentration of red blood cells has a wnde

‘range of application. The.method is especially use-

ful in field situations, the emergency room, abodrd
aircraft, and in the operating suite. It involyes a
battery-powered instrument that-measures thhe-
matocrit electronically. The principle of operation
is based upon the insulating mass of the erythro-

‘cyte. In theory, the electrical resistance of a col-

umn of blood is a function of the relative volume
percent of the red blood cells. In practice, we load

not, the quality of hematology procedures has de-

- pended uPon the integrity and ability of the indi-

a blood specimen into a sampling column and
apply un electrical potential across the column. -

The hematocrit value is based upon the conduct-
ance of the blood plasma and the resistartce of the
red blood cells. In USAF laboratory operations,
the electronic determination of hematocrits has
proved very worthwhile. Many isotope laborato-
ries use this electronic method exclusively when
blood cell volume determinations are performed in
conjunction with hentatocrits. The instrumented
unit has not received universal acceptance, be-
caus€the microcentrifuge method is more conven-
ient in performing a large number of routine he-
matocrits.

6-17. Regardless of what method is used qual-
ity control of the progedure is essential if you are
to perform an-accurate test. If you observe the
sources of error previously mentioned and check
test results using the statistical methods discussed
in the next section, a significant number of errors
will be avoided.

7. Statisticpl Analysis
-1. Qu

ity control has been established as an
tt of the clinical laboratory operation.
In clinigal chemistry, numerous pure standards,
lyophilized control specimiens, and statistical eval-
uatians ‘are maintained and utilized in the attain-
ment of quality production through adequate con-
trol.

7-2. Until recently, the statistical evaluation of
hematology procedures was generally neglected.
Of course, most hematology laboratories have in-
sisted upon the use of stablg hemoglobin standards
and spectrophotometric checks of hemoglohin ¢ali-
bration. They also require.the utilization of accur-
ate pipettes (=1 percent error) and precise pipet-
ting and dilution work. However, more often than

Y
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vidual technician. This may be flattering to the
technician, but it is not quality control. Techni-
cians cannot, and should not, be expected to oper-

‘ate with machinelike precision.

7-3. Exact reproduction of tests is not attaina-
ble, and variation in results is a demonstrated fact.
The ultimate purpose of quality control in the lab-
oratory is to understand this variation so that con-
fidence limits may be established, erroneous re-
sults detected, and appropriate corrective action
initiated to rectify any Significant discrepancy. An
adequate quality control system will.indicate the
degree of‘confidence in the test and provide ample
warning when a procedure is “out of control.”

7-4. As you recall from your study of quality
control in chemistry, the statistician employs the
term “standard deviation” to evaluate variation. In
these terms, a statistician might declare that any
variation greater than -three standard deviations
would Be “out-of control,” or that the chances of
any variation greater than this would be 0.3 in
100. The probability of any variation greater than
two standard deviations (S.D. )is 5.0in 100. -« .

7-5. The approach to control or statistical eval-
uation gf hematology is to employ the S.D. value
as a tool. The usual mathematics employed to de-
rive this value is tedious, but a simpley formula
has been derived and, though not exact, may be
used_ for this evaluation. The calculation utilizes
the differences encoun'fered in duplicate determi-

nations. The formula is:

VE@—bF

Standard Deviatigh = TN

Where: ‘ . . s

vl)'
first value of specimen X

. b = second value of specimen X
Z (a — b)* = the sum of the differences of all
duplicates squared and
N = number of duplicates

The square and square root values are e ly ob-
tained from.a siide rule or table which wzéallable
in most laboratories. An example of one day’s run
of duplicate determinations ‘is given in table 5.
Under the column labeled Auto Hgb are the re-
sults of five different hemoglobm determinations
each of which has been run in aupllcate Using the
first specimen as an example, the first step in the

process is to find the difference between the dupli-'

"

cates:

-
» - a-—b

= 15.6 — 154
\=02
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p . TABLE 5 u

ONE DaY’s RUN OF Durucns DETERMINATIONS

)

This value is then sgﬁaréd:
. (Ia-b)" o
& =" (02)i - .
= 0.04

The sanlme procedure is followed for each set of du-
plicates arriving at final squared values of (1)
0.04, (2) 0.09, (3) 0.04, (4) 0.09, and (5) none.

These values are then totaled to find the sum of °

the differences.
2(a — b)* = 0.04 4 0.09 + 0.04 4 0.09 = 0.026

We then insert this value into the formula to arrive
at our final answer;

. 8D. = %+0.16

7-6. At the end of each month, the daily S.D.s

are added and the total is divided by the number

of daily determinations to obtain a monthly aver-
age S.Dy, or mean S.D. This monthly mean S.D. is
subsequently averaged’ wnth the previous month’s
mean t6 approach a more accurate mean S.D.
Most laboratories accept a maximum of two and
sometimes three standard deviations for most tests.
The mean S.D. valug is accepted as one S.D, for

" the purpose of calgylating - the two S.D. value,.
Each of the daily S.D. values is plotted on graph-
‘paper and displayed prommently for the informa-
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Auto HGB . . Manual HGB WBC Elactronic . Her ) .
arb  (a-b)? a-b~(a-b} a-b (a-b)? ‘(a-b) (a-b)?
. = N )
1als.6 .2 .04 1 15.4. 0 4550 S0 . 46 0.
b 15.4 “11s5.4 * 4550 - ‘. 2500 46 ’
2a16.1 .3 .09 |15.6- .2 .04 [6300 200" 40000 |48 - &
b 15.8 o 15.8 6500 48 . -
3 a.15.4 .2 .04 15.0 0 5450 250 62500 .| 45 1 1
b 15.2 15.0 5700 . 44 N
4'a 17.6 .3 ,09 17.0 0 |3650 200  40000° |51, 1 @ 1
b 17.3 | 17.0 8450 ‘ < |so0. .
- vy 9 W " .
5 a 12.5 0 0 12.3 0 7700 350 122500 . | 36 1 1
b 12.5 12.3 [poso 37 ;
E (a-b)2 .26 .04 267500 ° g 3
( .
E n b)( - . L/ .
%(5‘)_ .026 .004 26750 | .3
\/ “ga-b% =
S.D. = *.16 +.06 +164 ©£.17

tion and utilization"of the technical and medical
staff of the hospital. Standard deviations have
been calculated with results shown in table 6.

7-7. The information in table 6 will assist the
physician in the interpretation of hematology re-
-sults. For instance, if hemoglobm determinations

_are.performed on the same patient on consecutive

ddys with values of 11.8 gm. percent and 11.2 gm.
percent, the physician. would want to know the
‘confidence limits (or 3 S. D ) to determine the sng-
nificance of this change

118 — 112 = 0.6 -
Hgb 3S.D. = 0.45 (from table 6)

The change is greater than 3 S.D., so from a tech-

nical viewpoint the change in hemoglobin concen-

tration is significant, . !
7-8. For some purposes, it is convement to ex-

- press standard deviation as a percentage of the
- mean. This is especially applicable to the control

of counts. When standard deviation is expressed as
a percentage of the mean, the value is known
as the coefficient of variation. C.V.. = '100 X

stapdard deviation . You undoubtedly recai] the
mean

meaning of these terms from your study of chmcal' "
chemlstry Using latex particles for control of pre-
cision, many laboratories have been able to

3
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STANDARD DEVIATION VALUES Ebr RouTiNE HEMATOLOGY PROCEDURES

Determination 1 S:D..' -3 S.D.
Hemoglobin Manual

~Dilution + 0.1 t 0.3 gm%

Auto

Dilution t 0.15 t 0.45 gm%

Hematocrit * 0.56 ' £ 1.68 cc./100 cc.
WBG Electronic + 167 % 501 cells/cu. mm.
Platelet, direct phase + 15,400 * 46,200 cells/cu. mnm.

achieve a C.V, of about 6 to 8 percent with the
Coulter counter®,

7-9. Quality control RBCs and WBCs are com-
mercially available. However, duplicate counts can
be used to provide a reference control for red and
white cell counts. A study reported in The Techni-
cal Bulletin of the Registry of Medical Technolo-
gists, vol. 36, #11, November 1966, compared
leukocyte counts performed by the two most com-
mon automatic instruments with counts made with
the hemacytometer. Instrument variation for both
normal and abnormal counts was less than half the

~
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»
variation exp‘ienced with a hemacytometer. One
coefficient of variation represented 2.3 percent
with the instruments and 6.5 percent with the he-
macytometer. A daily log should be kept for all
control values and a coefficient of variation com-
puted for each cell count procedure. In this way
daily changes in a laboratory’s level of perform-
ance can be detected and corrected. It is important
that the coefficient of variation be representative
of most of the equipment, personnel, and variable
laboratory conditions employed in the daily rou-
tine. )

@
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CHAPTER 3

ON THE 14th of January, 1888, the Rpatient
" was comatose, and had been so since the
previous evening.

Breathing was deep and irregular, and no pulse
could be felt at the wrist. A drop of blood was
obtained this morning with difficulty, by sticking
~and forcibly squeezing the finger. The fluid had a
reddish amber color. . . . On microscopic exaniina-
tion the red corpuscles were found isolated and
sparingly scdttered . . . Instead of making a
more careful examination of the blood, 1 satisfied
myself with the explanation that some serum from
the subcutaneous connective tissue had been pressed
out with the blood.

This quotation describes an undiagnozed case of
pernicious anemia as it was reported in The Medi-
cal News, June 23, 1888.

2. The attending physician goes on to state that

the patient died on the evening of January 17th,
1888, and adds with professional modesty, “I con-
fess that the error of diagnosis in this case has
shaken my opinion concerning the rarity of the
disease in the - southern section of the
country. . . ."” )
- 3. Today, such an error in diagnosis would be
far less likely because of clinical laboratory serv-
ices and the availability of well trained technicians
like yourself. In this chapter we will consider soms
important aspects of red blood cell studies. First,
we will review the normal maturation sequence of
erythrocytes and describe some of the variations in
size, shape, and hemoglobin content which may be
found. Second, we will examine the more basic
phenomenon of erythrocyte production and de-
struction. Concluding this chapter is" a brief re-
sume of techniques peculiar to the study of ery-
throcytes, not included in Chapter 2.

4. Red cells can develop qualitative and quanti-
tative variations. Purely qualitative variations in-
clude differences in size, shape, internal structure,
and type of hemoglobin. Quantitative variations
include a decrease or increase in the numbers of
erythrocytes. A qualitative or quantitative change

in erythrocytes may affect body metabolism by al-

~Ae

" Erythrocyte St‘udies

tering the oxygen-carrying,caﬁacity of the red
blood cells. Anemia may result’if impairment of
the oxygen-carrying capacity is severe.

8. Morphology of Erythrocytes

8-1. In the production and develoﬁVmcnt of red
blood cells (erythropoiesis), these cells undergo a
gradation of morphological changes: We study the
normal complete cell maturation in bone marrow
and peripheral blood to better differentiate abnor-
mal cells including young forms in the peripheral

“blood.

8-2. In maturing, erythrocytes develop a bicon-
cave disk shape which facilitates oxygen exchange
of the cell by increasing the surface area of the red
cell. The amount of hemoglobin in a blood sample
will give us an idea of the oxygen-carrying capac-
ity of the blood. We must correlate this test with
an evaluation of the morphology of the erythro-
cytes. The size, shape, and a rough estimation of
the hemoglobin content of red blood cells may be
checked by microscopic examination of a stained
blood smear. More objective studies are necessary
to accurately evaluate the quantitative and measure
qualitative variations which occur in normal ery-
throcytes. The erythrocytes contain hemoglobin,
an iron-porphyrin ring compound, which readily
takes up and liberates oxygen. Without the hemo-
globin transport system, oxygen could not be car-
ried in sufficient quantity by the blood to maintain
body metabolism, and death would result.

8-3. Normal Maturation Sequence. Each' of
the-major groups of cells in the rubricytic series is
shown in foldout-1 (FOs 1 and 2 separate inclo-

_ sure to this volume). Study each cell carefully as it

is discussed. Terms used in Air Force laboratories
to describe red blood cells are those recommended
by the American Society of Clinical Pathologists
and the American Medical Association. The cell
descriptions are based on the appearance of well-
prepared Wright stained smears of normal blood
or bone marrow. The terms with some of their
synonyms are as follows:

12
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ASCP Terminology Synonyms

Rubriblast Pronormoblast
Prorubricyte Basophilic Normoblast
Rubricyte Polychromatic or Polychromatophilic

“Normoblast
Orthochromic or Orthochroma-
tophilic Normoblast

Metarubricyte

Reticulocyte

Erythrocyte Normocyte. l 2

8-4. The rubriblast is a moderately large cell:

12 to 15 miérons in diameter. It has a large, more
rounded, centrally located nucleus than other blast
cells. The N:C ratio is about 8: I, so thésamount
of cytoplasm is described as scant compared to the

nucleus. In the earliest forms, the cytoplasm stains*

light blue, but in the predominent, more mature
cells, the cytoplasm stains more darkly with a pink
cast, described as royal blue. The cytoplasm is
granule free and limited to a thin rim around the
nucleus. There is no evidence of hemoglobin for-
mation (polychromatophilia) in the cytoplasm.
The nuclear chromatin is finely reticulated in o

close homogeneous mesh network with sparse, in-

distinct parachromatin evident. There are one to
two nucleoli present; however, they may not be
clearly visible. If the nucleoli are distinct they dif-
ferentiate the rubriblast from the prorubricyte.

8-5. The prorubricyte is slightly smaller (10 to
15 microns) than the rubriblast and contains a
round, slightly eccentric (off centered) nucleus.
The chromatin is coarse and clumped with distinct
parachromatin, but nucleoli are not present. The
cytoplasm of the prorubricyte is deeply basophilic
and stains royal blue. Cytoplasmic granules arc
not present and there is no polychromatophilia.
The unique chromatin pattern, absence of nu-
cleoli, and intense basophilia of the cytoplasm’ are
the most differentiating chatacteristics.

8-6. The rubricyte is smaller than the prorubri-
cyte (8 to 12 microns) with a round, eccentric,
dark staining nucleus which is smaller than the nu-
cleus of the prorubricyte. The chromatin material
is course and granular with distinct parachromatin,
sometimes described as a spoke-wheel pattern. No
nucleoli are present. The cytoplasm of the rubri-
cyte is polychromatophilic (blue pink or grev) due
to the first appearance of hemoglobin. There are
no cytoplasmic granules. The unique chromatin
pattern of the nucleus and cytoplasmic polychro-
matophilia are the most distinguishing characteris-
tics of the rubricyte.

8-7. The metarubricyte is smaller (7 to 10 mi- .

crons in diameter) than the cells in the erythrocyte
developmental series thus far discussed. The ‘cell
has a small round or sometimes bizarre (bilobed.
clover leaf, etc.) nucleus which stains 'cgtensely ba-
sophilic (blue black). The chromatir®is hcmoge-

neously dense ’ith no parachromatin. The

cytoplasm is orthochromatic (buff pink), with
hemoglobin present in full amount. There are no

-granules present. The orthochromatic cytoplasm

(loss of diffuse basophilia) and homogen&ously
intense, basophilic nucleus are the most characteris-
tic features of the metarubricyte. - . -

8-8. The reticulocyte is the immediate precur-
sor of the mature erythrocyte. Normally, in adults,
0.5 to 1.5 percent of all erythrocytes are reticulo-
cytes. When there is an increase in erythropoiesis
there is an increase in these cells. This prolifera-
tion-occurs following administration of iron in iron
deficiency anemias and during the course of other
anemias. The percentage of reticulocytes is nor-
mally higher in the newborn, ranging from 2.5 to
6.5 percent, but falls to the normal adult range by
the end of 2 weeks. Reticulocytes are slightlyyma-
crocytic in comparison to other erythrocytes from
the safne specimen. However, the reticulum (baso-
philic substance from immature precursors) is not
demonstrable in Wright stained preparations. Su-
pravital stains such as new methylene blue must be
used to observe reticulocytes. Supravital staining
for reticulocytes distinguishes these erythrocytes
from those with diffuse basophilia (polychroma-
sia) and basophilic stippling (punctate basophi-
lia), which are both demonstrable with Wright
stain. \

8-9. Whereas reticulocytes are normal in pe-
ripheral blood, diffuse basophilia and basophilic
stippling are not normally found in ervthrocytes

except in bone marrow. As you can see from the .

foregoing descriptions, these terms (reticulocyte,
diffuse basophilia, and basophilic stippling) are
not synonymous. ,

8-10. Diffuse basophilia in an RBC is ordinar-
ily caused by residual basophilic substance from
precursors. As the term indicates, the basophilia
(blue cast) is homogeneously distributed through-
out the erythrocyte. These cells are often seen in
abnormal peripheral smeafs when metarubricytes
and more immature cells of this system are seen.
This polychromasia should not be confused with a
bluc cast given to all RBC's in a peripheral blood
smear from overstaining.

8-11. The erythrocyte on mature red blood cell
(normocyte) normally averages 7 to 8 microns in
diameter. The cell is ‘biconcave. and this causes a
difference in the intensity of cytoplasmic staining.
There is no nucleus. The cytoplasm at the peri-
phery of the cell is moderately buff pink {orange),
while the center zone is less intensely stained.

8-12. Variations in Erythrocytes. The forma-
tion of red cells (erythrofiesis) is regulated by
the intake of substances to build the cells, the stor-
age of these substances, and their use. In normal
crythropoiesis, the cytoplusm and the nuclei of
cells grow at a synchronized rate. Individual dif-
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ferences in physiology and physical structure of
the erythrocyte account for minor morphological
changes. In certain diseases, these morphological
changes may vary greatly.

8-13. Probably the most striking of these varia-
tions is that observed in megaloblastic anemias, of
which pernicious anemia is one example. Perni-
cious anemia is a'disease in which vitamin B is
not absorbed. The erythrocytes do not mature nor-
mally and are larger than normal in people with
this deficiency. The most notable characteristic of
this abnormal maturation is a difference in the
rates of maturation of the cytoplasm and the nu-
cleus. The nucleus develops more slowly than the
cytoplasm, so that in the more mature nucleated
forms a finely reticulated chromatin net is seen in
the nucleus. This is in contrast to ‘the coarser
clumped chromatin observed in more mature nu-
cleated forms in normal maturation. Such develop-
ment is termed asynchronism. The mature cell is
large (about 10 microns) and is termed a megalo-
cyte (macrocyte). The young cells of this series
are named by adding the suffix “pernicious ane-
mia type,” i.e., metarubricyte, pernicious anemia
type, etc.

8-14. Other factors may produce morphologi-
cal variations in red blood cells. For example, ge-
netically controlled variations in the hemoglobin
may result in changes in morplology to sickle
shapes, elliptocytes, or target cells. Iron deficien-
cies may cayge striking changes wherein erythro-
cytes contain only a small thin rim of hemoglobin,
e.g., hypochromia. In another variant the erythro-
cytes are small and spherical rather than bicon-
cave disks. Let’s discuss some of the more com-
mon morphological variations that occur in
erythrocytes. A brief description accompanies each
variant. These variations are readily seen when
blood smears are stained with Wright stain. Refer
to foldout 1 as you study each of the following ab-
normal forms of the erythrocyte. -

8-15. Crenated erythrocytes have serrated or
prickly outlines resulting from shrinkage of the
cells. This may occur when blood films dry too
slowly and the surrounding plasma becomes hy-
pertonic. This deformity is artificial and has no
pathological significance except when crenated
cells are found in spinal fluid as discussed in- the
“preceding section concerned with performing cell
counts on cerebrospinal fluid.

8-16. Hypochromic erythrocytes have an in-
creased central pallor as a result of decreased
hemoglobin content. . Extreme hypochromia, in
which only a narrow rim of hembglcbin rerrains at
the cell periphery, is called oligochromasia.

8-17. The term polychromatophilia (polychro-
masia) refers to nonnucleated erythrocytes which
have a blue tinge instead of the normal buff-pink
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or orange color. The cytop!asm of these cells i< not
completely mature. resulting in abnormal persist-
ence of the basophilic (blue) cytoplasm of the ear-
lier nucleated stages. Polychromatophilia denotes
erythrocyte immaturity. o

8-18. Spherocytes are spherical in shape, have
a diameter smaller than normal. have greater frag-
ility than normal erythrocytes and are without cen-
tral pallor. These cells are found in hemniytic
diseases and are particularly characteristic of con-
genital spherocytosis, a Mendelian hereditary disor-
der.

8-19. The term “anisocytosis™ is used_ to de-
scribe a situation in which we find erythrocytes of
seg:ral different sizes in the same blood specimen.
It7is a frequent finding in many types of arfemia;
it is particulary pronounced in pernicious anemia
where megalocytes and normocytes are found
together. Cells smaller than 6 microns in di-
ameter are spoken of as microcytes, while those
larger than 9 microns are called macrocytes.

8-20. Poikilocytes are irregularly shaped ery-
throcytes. They may be pear shaped, elliptocytes.
comma shaped, or occur in various other forms.
Poikilocytosis results from abnormal erythro-
poiesis or from mechanical factors such as a
change in oxygen tension, osmotic influences, or
other forces. Crenated cells are not usually con-
sidered true poikilocytes. Hereditary anomalies
may predispose the formation of poikilocytes when
conditions for their transformation are optimal.

8-21. Sickle cells are abnormal red cells which
assume a half-moon or sickle-shaped appearance
under conditions of reduced oxygen tension. The
phenomenon, due to the presence of hemoglobin
“S,” occurs primarily in Negroes. Sickling is dem-
onstrated by mixing a drop of blood with a reduc-
ing agent such as a fresh solution of sodium meta-
bisulfite. It is possible to demonstrate sickling in
individuals who are not homozygous and hence
possess the sickle cell trait but do not show clinical
symptoms. Consequently, the observation of this
phenomenon does not necessarily mean that the
patient has the anemia. The sickle cell trait occurs
in 10 percent of all Negroes in the United States,
but only about 1 percent have sickle cell anemia.
Hemoglobin electropheresis, which was discussed
briefly in CDC 90411, is considered u more defi-
nitive procedure. In clinicai cases of sickle celt
anemia, abnormal erythrocytes may be observed
on the routine differential smear.

8-22. Target cells are red cells which have
more deeply stained centers and horders, szpa-
rated by a pale ring. g:ving them 2 taigcthise ap-
pearance. Large numbers of these cells arc charac-
teristic of hemoglobinopathies but may aiso occur
in kidney or liver disease and normally in patients
who have had a splencctoniy.
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8-23. Howell-Jolly bodies are nuclear remnants
found in the erythrocytes in various anemias. They
are round, dark violet in color, and about 1 mi-
cron in diameter. Generally, only one Howell-Jolly
body will be found in a red cell. However, two or
more may sometimes be present.

8-24. Cabot rings (ring bodies) are blue,
threadlike rings found in the red cells of patients
with severe anemias. They are remnants of the nu-
clear membrane and appear as a ring, or “figure
eight” structure. Usually only oife such structure
will be found in any one red cell.

8-25. Basophilic stippling (punctate basophi-
\la) is the occurrence of round, small, deeply ba-
ophilic granules of varying size in the cytoplasm
of the red cell. They are ribonuclear proteins
* which normally disappear as the cell matures. Ba-
sophilic stippling can be demonstrated by standard
staining techniques in contrast to reticulocyte fila-
ments which require a special stain. Stippling oc-
curs in anemias where it denotes cell immaturity.
In heavy metal poisoning (lead, zinc, silver, mer-
cury, bismuth) basophilic stippling is apparently
theé result of abnormal reactions of cytoplasmic
structures in the RBC precursors. _

8-26. Heinz-Ehrlich bodies are small inclusions
found primarily in hemolytic anemias induced by
toxins. They are round, refractile bodies inside the
erythrocyte and visible only in unfixed smears. Tt

<—-—ts thought they are denatured hemoglobm andv\-

dicate erythrocyte injury.

8-27. Sidetocytes are erythrocytes contammg
iron deposits. These deposits indicate an incom-
plete reduction of the iron from ferric to the fer-
rous state that is normally found in hernoglobin.
Prussian blue stain must be used to readily demon-
strate these cells.

8-28. Acanthocytes are spherocytic erythro-
cytes with long spiny projections. This is a congen-
ital abnormality associated with low serum con-
centration of low density (beta) lipoproteins. It is
inherited as a recessive genetic trait.

8-29. Burr cells are triangular or crescent-
shaped RBCs with one or more spiny projections
on the perlphery These are seen in small numbers
in uremia, carcinoma of the stomach, and peptic
ulcer. .

9. Abnormalities in Erythrocyte Production
and. Destruction

9-1. The number of red blood cells in an adult
remains fairly constant. The total number or vol-
ume of erythrocytes can be measured by special
tests. Knowledge of the total red blood cell volume
and total plasma volume may help the physician to
determine the amount of replacement blood or in-
travenous fluids to be given to a patient.

'

9-2. The red blood count based on the total
erythrocyte volume may be subject to a slight, even
hourly, variation. In the normal individual, this

‘range of variation remains essentially the same

throughout adult life. The rate of destruction of
aged and worn out cells is approximately the same
as the rate of production. If the production-de-
struction ratio is not in equilibrium, either more or
fewer red cells than normal will result. If the num-
ber of red cells is increased, -the - condition is
known as polycythemia; if it is decreased, lowering
the hemoglobin concentration, the condition is
own as anemia.

9-3. Polycythemia. There are three types of
polycythemia. The most common is known as rela-
tive polycythemia. This term describes increase in
blood cell concentration resulting from plasma loss
as in burns, and dehydration from excessive vomit-
ing, diarrhea, sweating, or stress.

9-4. The second most common form of polycy-
themia is known as secondary polycythemia. It is
frequently a response to hypoxia (insufficient oxy-
gen). Secondary polycythemia may result from
prolonged exposure to high altitude, anoxia due to
congenital heart diseases, or chronic exposure to
thee~ chemicals which inactivate the oxygen-carry-
ing potential of hemoglobin, i.e., nitrate and car-
bon monoxide.

9-5. The third type of polycythemia is known
as polycythemia vera, a condition of unknown
cause. Polycythemia vera is characterized by a
widespread stimulation of the entire bone mar-
row, with overproduction involving granulocytes
and platelets as well-as erythrocytes.

9-6. Anemia. Anemia can be manifested by a
decrease in the quantity or an alteration in the
quality of the erythrocytes. Anemia is a symptom
rather than a disease; however, the classification of
anemias is both difficult and complex. From your
standpoint, the classification of anemias is basi-
cally concerned with size, shape, color, and inclu-
sions of the red cells. The normal red cell is 7 to 8
microns in diameter. Variation in size of cells is
called anisocytosis, as we defined it earlier in the
chapter. Remember, too, that large cells are called
macrdcytes and the cells that are smaller than nor-
mal are called microcytes.

9-7. Normal stained erythrocytes are orange or
buff pink colored due to hemoglobin content; they
are called normochromic. A cell that has ofdy a
small rim of color is said to be hypochromic. Hy-

ferchromia does not exist because the erythrocytes
d
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o not exceed more than 33 to 36 percent hemo- -

globin, the normal amount.

.9-8. On the basis of pathogenesis, the anemias
may be classified into those caused by deficient
hemopoietic maturation factors (the hemoglobin
deficiency anemias), and those due to deficiency

§
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in numbers of red cells. Exclusive of iron, normal
hematopoiesis depends upon factors in the diet; in-
trinsic factor; vitamin B2 and folic acid; gastric
absorption; and liver storage factors. Deficiencies
in any or all of these factors will result in the meg-
aloblastic - maturation typical of pernicious ane-
mia and sprue.

9-9. We have already Te@rned that inherited ab-
normalities of hemoglobin (hemoglobinopathies)
can cause definite anemic conditions such as sickle

_cell anemia and Thalassemia. Sickle cell anemia is

characterized by the typical sickle-shaped eell,
Wwhereas Thalassemia exhibits target cells. Acquired
hemoglobin disorders may be caused by endocrine
disorders, infection, poisons, or radiation.

9-10. In hemorrhagic or hemolytic states, red
Cells may lose their ability to perform normal
functions. Chronic; slight  hemorrhage may not
cause anemia, since the system frequently compen-
sates for a small loss. However, if the loss of blood
exceeds production, an iron deficiency anemia
may result. This will cause the red blood cells to
be smaller than normal, a condition known as mi-
crocytosis. In addition to chronic blood loss, this
hypochromic, microcytic anemia may result from

a poor diet, malabsorption, or poor iron utiliza- .

tion, With acute hemorrhage, the blood loss is so
great that the body does not have ample time to
compensate for the loss.

'9-11. Hemolysis causes the liberation of hemo-
globin and results in a shortened cellular survival.
Thus, there may be an increase in the serum bili-
rubin, urine wrobilinogen, and stercobilinogen
(fecal urobilinogen). The free hemoglobin that is
released affects the body’s metabolism by impair-
ment of the oxygen-carrying capacity of the red
blood cells. Such an anemia is logically called
hemolytic anemia. Congenital hemolytic anemia is
recognized by abnormal cellular morphology (el-
liptocytes, - spherocytes), abnormal hemoglobin
(“C,” “S,” etc.}, or both.

9-12. Acquired hemolytic anemia may be
caused by bacterial or parasitic infections such as

- malaria; chemicals or drugs such as aresenic, lead,

and sulfonamides; or from extensive burns.

9-13. Conditions causing a weakening of the
cellular membrane result in hemolysis, These con-
ditions are associated with antibodies such as the
cold and warm hemolysins, and the immune sub-
stances of the ABO and Rh categories. Special
tests are required for the detection of the cause of
hemolysis brought on by immunologic factors.

Such tests are the Ceombs test, tests for cold and

warm h ysins and agglutinins, and Ham test
for pafoxysmal nocturnal hemoglobinuria.!
o :

! Paroxysmal nocturnal hemoglobinuria is defined as rather sud-
den recurring hemoglobinuria due to hemolysis during sleep.

9-14. Rarely, the first indicaticn o th: N
presence of a hemolytic type of anemia is the
Phagocytosis of erythrocytes. Antibodies that cause o
hemolysis can also stimulate phagocytosigs of ¥
erythrocytes. '

9-15. Quite often an increased demand on the -
hematopoietic system due to excessive loss of
blood will result in the release of immature and
atypical forms of erythroeytés into the circulation.
These immature forms may be an increased num-
ber of reticwlocytes, basophilic stippled RBCs, or
even metarubricytes., Atypical forms are those in '
which ‘the rafe of development of the nucleus and -
the cytoplasm vary from the normal.

9-16. The most common of these forms is the
erythrocyte that has a homogeneous, basophilic
substance diffused throughout the cytoplasm (po-
lychromasia). Other forms result from the deposi-
tion of the nuclear material into configurations
such as Cabot rings and Howell-Jolly bodies de-
scribed earlier in the chapter.

9-17. Studies of the anemias are based on
symptoms of the disease and the type of red cells
produced. Blood indices and reticulocyte counts
are helpful in evaluation of the different forms.
Fragility tests that determine the degree of elastic-
ity or strength of the cell membrance and studies
of the cellular morphology are further aids to eval-
uation. PCV (packed cell volume) and hemo-
globin studies are among the most useful tests to
evaluate anemias. A few of the more common
types of anemias are described below.

9-18. Microcytic hypochromic anemia. This .is
a.common anemia characterized by red cells
smaller than normal size and reduced hemoglobin
content. This is an iron deficiency type of anemia
which develops as a result of poor diet, malabsorp-
tion or poor utilization of iron, or chronic blood
loss.

9-19. Hemolytic disease of the newborn
(HDN). This is a hemolytic anemia occurring in
the newborn which is usually the result of incom-
patibility between fetal antigens and maternal anti-
bodies. It is characterized by hyperplasia of the
bone marrow and the preseffte in peripheral blood
of large numbers of rubricytes and reticulocytes.

9-20. Acute hemolytic. anemia. Fhis condition
is characterized by symptoms of rapid blood de-
struction. It may be the result of malaria, septi-
cemia, bartonellosis, a variety of chemical agents,
extensive burns, snake venoms, or circulating anti-
bodies. The blood picture is usually that of a

" normocytic anemia with anisocytosis, a high reticu-
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locyte count, and varying numbers of other imma-
ture erythrocytes. White blood cells and platelets
may also be increased. The osmotic erythroc
fragility test is usually normal. The bone marrow
is hvperplastic.
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A—Zl. Coﬁ'em'tal hemolytic anemia Yhereditary
spherocytosis). THis is a hereditary, hemolytic
anemia characterized by an increased erythrocyte
osmotic" fragility, a variable némber,of small
spherocytes, erythrocytes, and reticuloﬁé. Poly-
chromatophilia and rarely metarubricyté&#may also
be seen in the peripheral blood. Another type
of congenital hemolytic .anemia which is non-
spherocytic results from an hereditary defici-
ency of glucose-6—phosphate-dehydroginase (G-
6-PD) in the erythrocytes. However, it is much
rarer than the eongenital sperocytic anemia.

9-22. Mediterranean anemia (Cooley anemia

or thalassemia). Thigs a chronic, progressive, he-
reditary anemia commencing early in life and af-
. fecting persons of Mediterranean origin. It is char-
acterized by the presence of thin, target-type red
cells in the peripheral blood. These cells have a
decreased osmotic fragility. Immature red ‘and
white cells in the peripheral blood reflect the mar-
row activity. -
9-23. Pernicious anemia. This is a chronic ma-
crocytic, normochromic anemia caused by a defect
in the production of “intrinsic factor” by the stom-
ach mucosa. There is megaloblastic hyperplasia of
the bone marrow. The, periphieral blood shows
macrécytosis, poikilocytosis, polychromatophilia,
granulocytopenia, and granulocytic hypersegmen-
tation. Clinical features include achlorhydria and

. neurological disturbances.

- 9-24. Aplastic anemia. This is a severe anemia
due to interference with blood formation which
may follow exposure to a great variety of chemical
or physical agents (benzene-glue sniffing, arsenic,
gold salts, atomic and X-radiation, and certain an-
tibiotics), or the disease may be of unknown ori-

9-25. With few exceptions, most red cell abnor-
malities are observable on stained blood smears. A
few, such as sickle cell anemia, abnormal sedimen-
tation of red cells,@d increased cell destruction
rate, require preparations designed to measure
particular characteristics of abnormal red blood

cells. A few of these preparations that evaluate ab-_

normal cells are discussed in the next section.

10. Evaluation of Red Cell Abnormalities

10-1. Several of the techniques mentioned in
this chapter which evaluate or demonstrate eryth-:
rocyte morphology are used primarily as screen-
ing procedures in lieu of technically difficult, time
consuming procedures. In this section we will
briefly comment on a few of these methods.

10-2. Sickle Cell Preparation. A diagnosis of
sickle cell disease must be confirmed by electro-
phoresis, but a simple screening test is usually
used first. The screening test is based on the prin-
ciple that red cells that contain hemoglobin “S”

s
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will form sickle shapes when placed under lowered
oxygen tension. Persons with the sickle trait (ge-
netically heterozygous) will show a positive sickle
cell preparation even though they do not have the
disease. Several other abnormal hemoglobins (i.c.,
Hgb-I, Hgb-C-Georgetown, Hgb-Bart) are also
reported to sickle in this preparation. It is interest-
ing to note that in homozygous “S” infants less
than 4 months old, RBCs sometimes will not sickle
because their fetal (F). hemoglobin has not been
sufficiently replaced by adult hemoglobin.

10-3. Originally, fresh blood was sealed under
a coverslip with petrolatum. After several hours,
the oxygen tension lowers sufficiently, and those

cells which contained the abnormal hemoglobin -

would sickle. Today, it is more efficient to obtain
maximum sickling by mixing 1 drop of the blood
specimen with 2 drops of 2 percent sodium meta-
bisulfite (Na,S205) solution. Three-grain tablets
of the metabisulfite salt are commercially available
and sufficient to prepare 10 ml. of reagent. It is
important to prepare fresh reagent on the day it is
used. The preparation should stand for 30 minutes
before microscopic examination. Particular atten-
tion should be paid to the edges of the preparation
before reporting as negative. The test should be
reported ‘only as positive or negative for sickling,
since neither the morphology nor the number of
sickled eells is significant.

10-4. Erythrocyte Sedimentation Rate (ESR).

.. The sedimentation of blood has been studied since
antiquity. The introduction of ESR into modern -

medicine came when it was proposed as a test for
pregnancy in 1918. In clinical medicine today, the

-ESR is used in a general sense to detect, confirm,

and/or follow the course of a disease process. Its
interpretation involves judgments which only the
attending physician is equipped to make.

10-5. The sedimentation of erythrocytes in
plasma involves several interrelated factors. First,
you should consider the basic physics of a solid
particle settling in a solution. We know that the
mass of the particle is directly proportional to its
rate of fall. We also know that wherm the particle is

‘more dense, the rate of fall is directly proportional

to the difference in densities between the particle
and the solution. In other words, an increase in
mass increases the rate of fall; and the more densc
a particle is in relation to the solution, the faster it
will fall. In opposition to these downward forces is
the viscosity of the fluid. When the viscosity is in-
creased; the rate of fall is slower. This is an in-
verse proportion. ’

10-6. Let us relate these basic principles to the
ESR. Ask yourself in what circumstances the par-
ticles (RBCs) are increased in mass. Several an-
swers are available:

N
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I ve—

® When roulleaux formation occurs.

® When autoagglutination occurs (e.g., cold

agglutinins.) |
® In severe macrocytosis.

Conversely, a decreased cell mass is evident with
sickled cells, spherocytes, and microcytes, or in
anisocytasis.

- 10-7. However, the relative density of the -
RBCs must also be considered along with the fac- .

"tors mentioned above. For instance, an increased

mass of the aggregates (roulleaux) would increase
the ESR; however, with a low MCH (mean cor-
puscular Hgb.) the ratio of cell density to plasma
density is less, which would tend to decrease the
ESR. : :
10-8. Viscosity further complicate$ our under-
standing of the ESR. A larger cell mass presents
less cell surface to the plasma than smaller individ-
ual cells. This lowers the effect of viscosity and in-
creases the ESR. oo :
10-9. Because of the complexity of factors in-
volved in the ESR, it has become evident that
correction of the ESR for only anemia (reduction
in total cell volume) is of questionable validity.
Therefore, it is’ recommended by most authorities
that the ESR no longer ‘be corrected. However,

- since anemia does affect the ESR, though not a
linear function, it is recommended that the hema-

tocrit be reported with each ESR.
10-10. There are also several purely technical
aspects of performing the ESR correctly. For in-

stance, the ESR will vary with the length and bore

size of the ESR tube. THis is not a consideration in
most USAF. laboratories since the Wintrobe tube
is almost universally used. However, if microtubes
are used for infants, the normal values show a cor-
responding change.? The sedimentation tube must
also be perpendicular during the test. Usually this
is controlled by a leveling bubble on the tube sup-
port rack. The level should be checked before
each ESR is begun. The ESR will be ipcreased if
the tube is not perpendicular. The tube rack
should also be placed on a sturdy table that is not
subject to vibrations from centrifuges or other
equipment. Such vibrations will increase the ESR.

10-11. There are differences in ESR related to

coagulant. No appreciabl. 3¢ sininkage is re-

ported with either hepurin cr EDTA anti.oagu-

lants, but up to 5 percent lower hematocrit values
have been reported using double oxalate. KRegard-
less of the anticoagulant used, it is most important
to use the same one consisteatly with ali ESRs
performed in your laboratbry.

10-12. Marked changes will vccur in the ESR
3 hours after collection. Bedause of this, it is rec-
ommended that the blood specitnen be used within
2 hours. The specimen should not be relrigerated
or warmed. During settling of the cells. apprecia-
ble changes in the sedimentation rate will occur in
temperatures outside the range of 22 to 27° C.
Temperature correction charts are avajlable to
correct for slight changes in temperature alone.
You should remember, however, that 2xtremes of
temperaturé may change certain f.ciors, e.g.

plasma protein, which also affect the ESR.

10-13. Plasma protein exerts the most clinically
significant effect upon erythrocyte sedimentation,
Of the plasma proteins, fibrinogen exerts by far
the greatest effect. Fibrinogen causes the red cells
to aggregate and thereby leads to more rapid set-
tling. However, it js known that the influence of
the plasma proteir&on ESR is more a function of

their relationship to each other than to their abso- .

lute concentrations.

10-14. Red Cell Indices. Mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin con-

centration (MCHC) comprise the erythrocyte ind-

ices. MCV is the mean>volume of an erythrocyte
in the RBC population of the specimen and is ex-
pressed in cubic microns. Lower valueg ‘are ob-
tained in microcytosis. and higher than normal val-
ues are calculated in macrocytosis. Because MCV
is a mean value, it is possible to have a normal
MCV and yet have microcytes and macrocytes
present (anisocytosis). The MCH is the average
weight of hemoglobin in an erythrocyte of the
specimen. It is expressed in micromicrograms.
This value, also, may misleading—as in the
case of hypochromic miacrocytosis,  where the
larger cells hold more than the average amount of
hemoglobin but the cell is not normochromic as

.the MCH would suggest. In both of these calcula-

the anticoagulant. First of all, a liquid anticoagu- -

lant should not be used because of the dilution ef-

fect. Further, during blood collection, an optimal’

amount of blood must be mixed with the anticoag-
ulant to prevent distortion of the RBCs. For in-
stance, in a 5-ml. vacuum tube with double oxal-
ate, no less than 3 ml. of blood must be collected.

Double oxalate is the most time honored anticoa-

gulant used; however, technically it is probably
second best to either heparin or EDTA as an anti-

[
? Wintrobe. M. M., Clinical Hemortology, p. 354, 6th ea. wp. cit.
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tions, it is obvious that microscopic observation
must be made to validate the MCV and »CH val-
ues. MCHC is the mean percent concentration of

- hemoglobin in each erythrocyte of the population.

Since a normal RBC contains the maximum con-
centration of hemoglobin, this value can only be
reported as normal or telow normal,

i0-15. To calculate RBC indices, vou must
first have valid infcrmation to substitute in the for-
mulas. This requires that you run duplicate deter-
minations of the red blocd cell ~ount fRBC), he-
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matocrit (Hct), and hemoglobin (Hgb) -content.
Jhe results of these tests must agree within the

Z).lnf_idence limits established by your laboratory.
An average of the duplicate values is used in the
calculations. The formulae are:

. , Het x 10
MCV = RBC millions/mm.?
_. Hgbgm.% Xx 10
MCH = 'RBC millions/mm.*
Hgb gm.% X 100
Hct

MCHC =

10-16. Circular slide rule calculators are
* available’ commercially which greatly simplify
these calculations. Normal values for adults are:
MCV, from 82 to 92 cubic microns (c.n); MCH,
from 27 to 31 micromicrograms (uug.); MCHC,
from 32 to 36 percent. Normal values for MCV
‘and MCH in newborns and infants ‘are higher.
MCHC normals are the same for infants and
adults. :

10-17. Some difficulty has been experienced in
using electronic particle counters for the erythro-
Cyte count in calculating MCV and MCH. A par-
ticle counter should not be used for this purpose
with the threshold set for a normocytic RBC pop-
ulation. Obviously, if a count is done at this
threshold setting, microcytes will not be counted
and the red cell count is invalid. More sophisti-

crenated spherocyte loses its crenation and hemo-
lyzes, and a ghost cell (representing stroma with-
out hemoglobin) remains. Singe a spherocyte has
progressed to a late stage of this system, very
slight osmotic changes will cause it to hemolyze.
You will recall that in congenital spherocytic ane-
mia, the erythrocyte osmotic fragility is increased.
It is also increased in hemolytic disease of the

., newbern, chemical poisoning, and burn cases. In

sickle cell anemia and several other conditions, the
RBC fragility test is decreased.
10-20. The test itself is quite simple to per-

- form. You are familiar with the term “isotonic”

cated particle counters are available which plot

cell frequency against cell size, giving a cell-size

distribution curve which is more meaningful. Even -

more complex and considerably more expensive
automatic counter models are on the market,
which give all the parameters of blood cell indices
mentioned above in a printout record. Needless to
say, the cost and maintenance of such instruments
are limiting factors in their use.

10-18. Erythrocyte Osmotic Fragility. Red
blood cells are excellent indicators of osmotic
pressure. The degree of distortion or eventual lysis
which occurs to an RBC in a fluid is directly re-
lated to the osmotic pressure between the cell and
surrounding fluid.

10-19. An erythrocyte goes through several
stages in the process of lysis. In the first stage, the
normal biconcave dﬁisc crenates; then the cell be-

comes spheroid along with crenation. Finally, the

35

s;line or 0.85 percent sodium chloride sclution. In
isotonic saline, the osmotic pressures are balanced
between the red blood cell and saline so that there
is no cellular distortion or hemolysis; whereas, in
distilled water the osmotic pressures are so imbal-
anced between the two that hemolysis of the cells
occurs immediately upon exposure. The osmotic
fragility test is based upon these phenomena. The
test consists of a series of progressively lower salt
concentrations from 0.85 percent to a O percent
solution (distilled water). When erythrocytes are
placed in these solutions, the RBCs will lyse at a
certain concentration below 0.85 percent (initial
hemolysis), and will lyse completely (complete
hemolysis) between the initial hemolysis concen-
tration and distilled water. The salt concentrations.
must be very exact for clear-cut reactions. The test
report should state the concentration where both
initial and complete hemolysis occurred. Nor-
mally, initial hemolysis occurs between the saline
concentrations of 0.42 to 0.46 percent and is com-
plete between 0.30 to 0.34 percent concentrations.

10-21. In dne modification of the fragility test,
the amount of hemolysis’is determined by measur-
ing the amount of hemoglobin released. The per-
centage of hemoglobin in each tube is reported,
equating the “complete hemolysis” tube to 100
percent released hemoglobin. - '

10-22. Another modification which greatly in-
creases the sensitivity of the RBC fragility test in-
volves incubating the blood specimen at 37° C. for
24 hours before running the {€st. For this modifi-
cation, the blood must be collected aseptically in a
sterile container with glass beads. The specimen is
rotated before testing so that the blood is defibri-
nated by 'the glass beads.




3

CHAPTER 4

-

Leukocyte and Thrombocyte Maturation

L)

ACH OF THE five types of white blood cells
originate from primitive cells which have sifni-
lar morphological characteristics. As primitive
cells change to “blasts” and more mature types,
their nuclear and cytoplasmic characteristics
change. These changes are distinctive enough to
differentiate the types of cells from each other.
Thrombocytes (platelets) also originate from an
early-type cell that undergoes changes and finally
fragments into the numerous platelets found in
blood. o
2. A study of leukocyte and thrombocyte ma-
turation necessarily involves studying the various
stages that the cells pass through prior to assuming
the characteristics of mature cells, These stages of
development are generally referred to as the nor-
mal maturation sequence. .

(Y
11. Normal Maturation Sequence

11-1. Developing blood cells follow a set series
of events as the cell approaches maturity. Mature
cells are, as a rule, smaller than immature cells.
The nuclear chromatin becomes more clumped

and compact as the cell matures. Also, the staining .
reaction of the cytoplasm .changes as a cell ma-

tures. The younger cells are generally more baso-
philic than mature cells. Cells in the granulocytic,
agranulocytic, and megakaryocytic series all dem-
onstrate the above characteristics, These and other
special differences form the basis for our discus-

- sion of the maturation of.the ‘three classes of cells

mentioned above. .

11+2. Granulocytic Series. Specific cytoplasmic
granules develop in cells of the granulocytic series
as the cells mature. Nonspecific granules (azuro-
philic) will develop initially after the blast stage
and be found in early stages of the granulocyfic se-

nonspecific cytoplasmic granules give way to more
specific granules, We identify the stage of maturity
according to the staining reaction of these gran-
ules. Normally, only band and segmented granulo-
cytes are observed in peripheral blood. The other
cells are normally seen only in bone marrow prep-
arations. The stages in the normal maturation of
the granulocytes are: :

. 4. Myeloblast,

b. Promyelocyte. / :

.~ €. Myelocyte (neutrophilic, eosinophilic, and
basophilic). f\j .
d. Metamyeloéyte (neutrophilic, eosinophilic,

. and basophilic).

‘e. Band cell (neutrophilic, eosinophilic, and
basophilic). o

f. .Segmented cell (neutrophilic, eosinophilic,
and basophilic).

" 11-4. Myeloblast. The myeloblast cells are
about 10 to 20 microns in diameter. The nucleus
is rolnd or oval, and stains light red to purple with
Wright stain. The delicate interlaced chromatin

" strands of the nucleus are homogeneously diffused,

are without clumps, and stain evenly. Two to five
distinct nucleoli are usually seen. There is a small
amount of nongranular, deeply basophilic (blue)
cvtoplasm which forms a thin rim around the nu-
cleus.

11y5. Promyelocyte. The promyelocyte cells

. are generally larger than myeloblasts (14 to 20

ries. As you read the description of cells in the (

granulocytic series, refer to foldout 2.

11-3. At birth, the granulocytic leukocytes
originate in the bone marrow. A secondary poten-
tial is maintained throughout life in the reticuloen-
dothelial system, which inciudes the spleen and
liver. As the granulocyte maturss, azurophilic,
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microps). The nuclear-cytoplasmic ratio is 5: 1 as
opposed to 7:1 for the myeloblast. The nucleoli
are not as distinct as in the myeloblasts and the
chromatin is slightly clumped, appearing more
coarse and less evenly stained. A few large, non-
specific azurophilic granules are present in the cy-
toplasm. More mature promvelocytes may have a
few specific granules ( neutriphilic, basophitic, or
eosinophilic). A cell ceases to be a promyelocyte
and becomes a myelocyte when specific, definitive
granules are present in the cytoplasm and the nu-
cdeus becomes slightly indented

[
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11-6. Myelocyte. Myelocytes are the next more
mature cells of the granulocytic series after the
promyelocyte., In the myelocyte stage, there are
definitive granules which may be so numerous that
they hide nuclear detail. The nucleus is round or
oval, and nucleoli are either not visible or absent.
Myelocytes are easily distinguished as being neu-
trophilic,’eosinophilic, or basophilic by the specific

_ granulation,

11-7. Neutrophilic myelocyte. The fll'St sign of
neutrophilic myelocyte differentiation is a small,

. relatively light area of ill-defined, pink granules

which develop in the cytoplasm among the non-
specific, azurophilic granules. As the myelocyte
ages, the azurophilic granules become less promi-
nent and disappear. The chromatin appears more
clumped in the myelocyte than in the promyelo-
cyte. Neutrophilic myelocytes are usually smaller
than promyelocytes and have relatively larger
amounts of cytoplasm. The N:C ratio is approxi-
mately 2:1.

11-8. Neutrophilic metamyelocyte (juvenile).
Neutrophilic metamyelocytes have an indented or

kidney shaped nucleus with many small, pink blue

granules. Neutrophilic metamyelocytes are slightly
smaller than myelocytes and have a relatively
smaller nucleus and less defined chromatin - net.
Neutrophilic metamyelocytes are not seen in.ge
peripheral blood of normal individuals, but are
often found in acute conditions in which there is a
marked increase in myelocytic proliferation.

11-9. Neutrophilic band (stab). As the neutro-
philic metamyelocytes mature, the nuclear inden-
tation becomes more marked. In the band form,
the nuclear indentation is More indented than the
kidney-shaped nucleus of the metamyelocyte but
does not, have filaments typical of the segmented
neutriphil. You should recdll at this point that

there are normally 3 to 5 percent band forms in-

peripheral blood. Neutrophilic bands are slightty
smaller than metamyelocytes. The specific cyto-
plasmic granules of band neutrophils are small and
evenly distributed, and stain various shades from
lilac to pink with Wright stain.

11-10. Neutrophilic segmented cell. Mature
neutrophils are approximately twice the size of
erythrocytes. These cells differ from neutrophilic
bands in that the nucleus h&s two or more definite
lobes separated by very thin filaments rather than
an ind&ntation. The cytoplasm in an ideal Wright
stained preparation is buff or pink, and the small,
numerous, and evenly distributed neutrophilic
granules have a lilac color.

11-11. The transition between the various
stages of neutrophilic cells is gradual. Differentia-
tion of cells is made almost exclusively from the
nuclear configuration. Borderline cells are difficult
to distinguish. Cells should be placed in a more
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mature category when there is- doubt; however, in
the distinction between bands and segmented neu-
trophiles, the assumption that a filament must be
present even if one cannot be seen should not be
made. Such cells would be classifipd as bands. If a
question arises as to whethes a cell is a metamye-
locyte or a band, it should be counted as a band
cell.

11-12. Occasionally, the lobes of segmented
neutrophils may touch one another or be superim-
posed. This situation may obscure the connecting
filament. This is particularly true of thick films
and thick areas of good blood smears. When this
occurs, another smear should be used, rather than
hazard “guesses” from the improperly prepared
blood smear. Some consideration should be given
to the use of “pulled” smears when problems arise
from physical distortion of cell morphology. As a
rule, well prepared “pulled” smears provide a

larger area of evenly distributed blood cells than .
“pushed" smears. In addition, cellular morphology *

is less distorted over a larger area. Because of the
consnstency of bone marréw, it is not possible to
prepare adequate marrow smears except by the
pu&ed smear technique. There is no doubt, how-

that the pulled smear technique is more diffi-
cuit to master. .

11-13. Eovsinophils. These cells are character-
ized by relatively large, spherical, cytoplasmic
granules which havé an affinity for the eosin stiin.
The earliest eosinophils have a few dark, spherical
granules with red tints wm:h develop among the
undlfferer‘smted granules. As the eosinophils pass
through various developmental stages, the granules
become less purple red and more red orange. The
azurophilic nonspecific granules, characteristic of
the promyelocyte and the early myelocyte stages,
disappear in the myelocytic stage. Eosinophils are
normally found in small numbers in bone marrow
and peripheral blood smears. Therefore, no useful
clinical purpose is served by routinely separating
the eosinophils into their various myelocyte, meta-
myelocyte, band. and segmented categories. In
cases of eosinophilia resqltmg from allergies(,para-
sitism, or leukemia. differentiation of the various
stages is important.

11-14. Eosinophils seen in normal peripheta
blood smears are about the size of neutrophils, and
usually have a band or bilobed nucleus. The gran-
ules are spherical and uniform in size, and are
evenly distributed throughout the cytoplasm, but
rarely overlie the nucleus. In good Wright stain
smears, the granules take a bright red-orange

stain. Eosinophils can be identified without the use

of stains because the granules are so uniformly

round, distinct, and relatively large. It may be dif-’

ficult to distinguish eosinophils from‘nth/;&‘)phils

i
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when the granules of the neutrophils are promi-
nent and the stain is excessively basophilic. Guess
work can be avoided by the preparation and use of
only Wright stain reagent which stains properly. If
some attention is paid to the size, uniformity, and
- shape ‘of the granules. rather .than to the color
alone, these cells can be more easily differentiated.

11-15. Basophil. Basophilic segmented . cells
have pound, indented, bandlike, or lobulated nu-
clei but should not usually be classified according
to the shape of their nuclei. Basophils are so few
in peripheral blood and bone marrow that there is
no clinical advantage- to differentiation into sepa-
rate .developmental categories. The granules of a
mature basophil range in color from dark blue to
black (deeply basophilic). These granules are
large and irregularly shaped, completely filling the
Cytoplasm. Spaces may occur in the cytoplasm
where the basophilic granules have dissolved in

the process of staining and washing (they are’

water soluble).

11-16. Megakaryocyte Series. Microscopic
evaluation of the megakaryocytes in bone marrow
may be of importance in coagulation problems in-
volving thrombocytes (platelets), since thrombo-
cytes are produced by the megakaryocyte.

11-17. The cells of the megakaryocytic series
grow larger as they mature until there js cyto-
Plasmic fragmentation to form the thrombocytes
seen in peripheral blood. Azurophilic granulation
begins to appear in the second stage of develop-
ment and continues until it almost obscures the
nucleag lobes. 'The nucleus develops from a dis-
crete round or oval shape to multiple ill-defined
lobes. The stages in the normal maturation of the
megakaryocytic series are:

® Megakaryoblast.

® Promeggkaryocyte.

. M%gkaryocyte.

11-18. Megakaryoblast. These cells range from
20 to 30 microns in diameter and are irregular in
shape. There sare two to six small nucleoli in the
nucleus. The cytoplasm is scant, irregularly baso-
philic and agranular.

11-19. Promegakaryocyte. These cells are gen-

erally iarger than the preceding cells, ranging up .

to 50 microns in diameter. They may have an in-
dented or double nucleus. A few azurophilic gran-
ules may be present in the Cytoplasm around the
nucleus. The cytoplasm may show some polychro-
masia and initial platelet formation.

11-20. Megacaryocytes. These are the largest
blood cells, ranging from 40-to 1CO microns in di-
ameter.~They have ill-defined multilobed nuclei
with clumped chromatin. The cytoplasm has irreg-
ularly dipersed, fine azurophilic granules and may
show some fragmentation of plaelets. Megakary-

ocytes do not appear in the peripheral blood. In
bone marrow preparations, there shoyld be liale
difficulty in recognizing cells as being of this series
because of their enormous size.

11-21, ,Agranulocytic Series. The agranulocytic
series is ‘Composed of leukocytes without specific
granulation. This series includes lymphocytes' and
mcnocytes. Lymphoblasts, the lymphocyte precur-
sor, originate primarily in the lymphatic system.
Few are-found in normal bone marrow, even
though the marrow is involved in lymphopoaiesis.
Monoblasts are probably derived from hemocy-,
toblasts, the precursor of myeloblasts, and from
hemohistioblasts which are the most primitive cells
oriented to hemopoiesis. The monoblasts mature
to form promonocytes and then monocytes. Refer .-

to foldout 2 as you study the cell types described.

11-22. The stages in the development of the
lymphocytic series are: o

o Lymphoblast. o

® Prolymphocyte.

® Lymphocyte. '

11-23. Lymphoblast. These cells are similar to
other blast cells. The nucleus is round or oval,
staining light red purple with Wright stain. The
nuclear chromatin is finer than the lymphocyte but
not as delicate as in the myeloblast. There is a
moderate amount of light blue parachromatin,
One or two nucleoli are present. The cytoplasm is
moderately basophilic and nongranular, forming a
thin rim around the nucleus.-

11-24. Prolymphocyte. Some authors do not
differentiate this cell from the lymphoblast, When
these cells are differentiated, it is more by compar-
ison with lymphoblasts and lymphocytes than by
any unique, morphological characteristics. The nu-
clear chromatin is described as more coarse than
in the lymphoblast, being slightly clumped. One
nucleolus is usually present. There is more abun-
dant, light blue to-moderately basophilic cyto-
plasm. In addition, there may be a few azurophilic
granules. Generally, the prolymphocyte is smaller
than the lymphoblast.

11-25. Lymphocyte. The ‘lymphocyte is more
distinctive morphologically than its precursor. The
cell is described as approximately 6 to 20 microns

. in diameter, or from about the size ot a normal

erythrocyte to more than twice the size of a red cell.
The cytoplasm may vary in quantity from scant to
a modcrate 4mount, depending upon the thickness
of the smear and the size of the cell. .The cyto-
plasm is normally clear and homogeneous, and
may be described as lignt biue. sky biue, lightly
basophilic, or moderately basophilic. The cyto-
plasm may normally contzin a few reddish-violet
or azurophilic granules which are peroxidase nega-
tive. A clear perinucleur zone is oftsn obserted in
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the cytoplasm. The nucleus of a normal lympho-
cyte may be round, oval, or slightly indented. It
contains clumped chromatin which appears in
Wright stained preparations as very dark, staining
bluish-purple aggregates in the nucleus separated

by lighter staining, indistinct areas of parachroma- .

tin: This description of the normal lymphogyte in-
dicates the wide biologic variations which must be
thoroughly appreciated before attemptmg to dif-
fefentiate the normal from the atypical lympho-
cyte.'Later in this chapter, we will discuss atypical
' lymphocytes.

11-26. The stages in the d;velopment of a
monocyte are: ,
. Monoblast.
<@ Promonocyte. -
. ® Monocyte.

" /

11-27. Monoblast. This cell is extremely diffi-
cult to differentiate from the myeloblast. The nu-
cleus is round or oval and appears more lightly
_ stained than in the myeloblast. The nuclear chro-
matin is fine and delicate with abundant sharply
defiped, pale pink or blue parachromatin. One or
two nucleoh are present. There is a moderate
amount of basophilic or grey tinged cytoplasm.
There are no granules in the cytoplasm.

11-28. Promonocyte. Some authorities do not

" differentiate the promonocyte from the monoblast.
Descriptions sometimes dltferenuate the two cells
by the presence of perhaps one nucleolus and very
fine, lilac staining granules in the cytoplasm of the
promonocyte. The granules are so sma]l that they
are called *“azurophilic dust.”

11-29. Monocyte. Mature monocytes are
usually larger than other leukocytes in peripheral
blood (15 fo 25 microns). Unstained exhibit slow,
ameoboid” movement and may be seen on the
stained slide with single or multiple pseudopods.

11-30. The'nucleus of the monocyte is usually
folded, but it may be round, kidney %jyaped or
deeply indented. One of the most distinctive fea-
tures of the ' monocyte is the very fine, diffuse
chromatin strands with abundant parachromatin in
the nucleus. This diff?vz,“ very light* staining nu-
cleus differentiates thé monocyte from the lym-
phocyte and metamyelocyte. This delicate chroma-
tin pattern is in contrast to the lymphocyte and
metamyelocyte chromatin which is clumped. Nu-
cleoli are absent. The cytoplasm of a monocyte is
opaque, gray blue without the clear perinuclear
zone described for most lymphocytes. It has been
described as “foamy” or having a ground glass ap-
pearance. There.is a large amount of cytoplasm in
relation te the pucleus, which is also in contrast to
the lymphocyte. The nonspecific, fine, uzurophilic
granules of the monocyte are dustlike and lilac
stalmng A few large, une\en]v dis#ibuted azuro-
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philic granules may be seen in,'overstained smears.
If overstained, the monocyte may' be confused
with metamyelocytes.

11-31. Monocytes may bé difficult to differen-
tiate from other cells, particularly if the staih is not -
good. In poorly stained blood smegfe, the delicate
nuclear morphology will appear ‘less distinct, and
the coarse granules will confuse the picture. When
other differential features are‘absent, the brainlike’

convolutions of the nucleus and the dull gray-blue.
color of the cytoplasm are usually sufficient to‘a

classify the cell as a monocyte.
11-32. The classification of normal blood cells
into specific categories is sometimes difficult.

Sometimes it is not possible to do so. While nor-.

mal blood cells, as a rule, follow the patterns we

have discussed, they don’t always do so. If the

. technician becomes thoroughly familiar with the

<

normal characteristics of a particular type of cell,
he will be more aware of atypical cells when he
sees them and will be better prepared to evaluate
the abnormal cells that are considered in the fol-
lowing section.

12. Leukocyte Abnormalities

12-1. Blood cells may show distortion artifacts.
Distorted cells occur as a result of compression or

- crushing. Compression. is due to. the pressure of

cells upon each other, and crushing is by mechani-
cal pressure which ruptures cells when' the smear is
made. Compressed cells appear smaller than nor-
mal with- darker staining cytoplasm. Monocytes
and lymphocytes are easily crushed. THE mono-
cyte, when crushed. may exhibit a U-shaped nu-
clear remnant. The lymphocyte will' develop “spin-
dle forms.” Abnormal crushed cells are the
“smudge* or “basket cells” which are immature or
fragile leukocytes. These smudge cells are found
predominantly in disease with an acute shift to-
ward immature forms, e.g.. leukemias.

12-2. The terminology used to designate in-
credses or decreases in the various types of white
cells is shown in table 7. A leukocytosis is present
if the total circulating leukocyte count is above
11,000/cmm., and a leukopenia is present if the
éukocyte count is less than 4,000/cmm.

12-3. A leukopenia due to a decrease in the

" number of neutroghils is specifically referred to as
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“neutropenia.” A leukopenia also includes the

lymphocytes and other white blood cells. A leuko-&

penia, or count of 4,000 per cmm. due to the re-
duction in neutrophils. could show 50 percent
lymphocytes.

12-4. An understandmg of leukocytosis, leuko-
penia. and the differential leukocyte count is es-
sential before studying the Jeukemias, which might
be confysed with diseases accompanied by leuko-
cytosis. In leukemias there is an increase in the

A
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v TaABLE 7 P — :
= * TERMINOLOGY APPLICABLE TO INCREASES OR DECREASE?
: WHITE CELLS

[d

.

‘

. -

THE PRINCIPAL TY?E OF

Type of. cbeZZ Inerease te,rmec; Decrease tepmed
Neutrophihl Newtrophilia Neutropeni; :
Eosiﬂophil Eosinophilia Eosinopenia
Basophil Basophilia Pasopenia
Lymghocytye Lymphocy tos iAs Lymphocstopenia
Mdnocyte' Monocytésis Monocytopenia '

numbers of the abnorm?l and primitive cells in the
peripheral blood as well as in the bone marrow.

12-5. In polycythemia vera, a benign disease
which may be confused with leukemia, there is an
absolute increase in all stages of the leukocytes,

i

blood platelets, ‘and erythrocytes. Histochemical -

studies of cells from cases of polycythemia vera in-
dicate that the cells are probably normal. Some-
times in polycythemia vera, granulocytic leukemia
develops. I

12-6. Infections with pyogenic bacteria cause

~striking examiples of neutrophilic leukocytosis. Lo-

calization of the infection with pus under tension
may cause a severe' leukocytosis. Then again, the
infection may be sp severe or overwhelming that
leukocyte production is depressed rather than
stimulated. Marked leukocyte responses occur in
infancy and childhood, while in older individuals
the changes are not as magked. Generally, acute
inféctions cause a leukoeytosis, while chronic
infections may fail to stimulate production of leu-
kocytes and are associated with a neutropenig. In
infections due to viruses, there may be an initial
neutrophilic Teukocytosis. A relative or absolute
lymphocytosis with neutropenia is. usually present.

12-7. Neutrophilic leukocytosis is almost al-
ways due to a hyperplasia of certain cells-in the’
bone marrow. The blood picturc reficets the de-
gree of production of these cells in response to the
body need. A shift to_the left in the differential
count means that more immature cells are being
liberated from the bone marrow due to an unusual
demand. A shift to the right means more matugg™
cells with some neutrophils ‘with hyperlobation and

-more degenerative forms are present. In the pres-

ence of u neutropenia. it is indicative oﬁ&)rcduced
marrow production of neutrophils.

node enlargement, it may be difficult to distinguish
the leukemoid reaction from leukemia. A leuke-

moid blood picture may involve either the granu- -

locytic or agranulocytic series. A great increase in
the leukocytes without extreme immaturity sug-
gests a lenkemoid reaction. However, a shift to the

left so extreme as to show promyelocytes, and a
rare “blast” form, may occur in leukemoid re-

actions. Also, achronic granulocytic leukemia
may show few “blast” forms in the blood, and a
bone marrow spiration may be necessary to dif-
ferentiate the two. Even the bone marrow stady
may not be diaknostic. Granulocytic leukemoid
reactions most commonly occur in whooping
cough, chicken pox, and infectious mononucleosis,
and when bone marrow is replaced by metastatic
tumor. .
12-9. Infectious mononucleosis is a self-limiting
disease thought to be caused by a virus. The dis-
ease affects children or young adults, and has an
incubation period of 10"0 14 days. The onset is
characterized by fever,. sore throat, and enlarged
cervical lymp nodes. There may be involvement of
the whole body, especially the lympatic tissues of
the reticuloendothelial system, with symptoms and
signs varying with the organs and tissves involved.
 12-10. Diagnosis of infectious moronucleosis is
aided by microscopic examinaton of blood
and the heterophil antibody test. Occasionally, a

" bone marrow biopsy may be necessary to rule out

leukemia. Leukocytosis may be present in the
early stages before enmlargement of the lymph
glands. However, the total leukocyte count may be
normal or low. There is an increase of both lym-
phocytes and monocytes. These two types of cells

usually average 60 percent of the total count. A.

differential count containine-less than 40 percent

12-8. In leukemoid states, the biood picture o Fzranulocytic cells usuaiiy does not indicate prog-

may be that of a true leukemia. However, whcg a
discase is accompanied by anemia, thrombocyto-
penia. splenomegaly. hepatomegaly. or Iymph
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ressed infectious mornonucleosis. .
12-11. Auypical lymphocytes are characteristic
of mononucleosis. These atypical lymphecytes or

‘
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virocytes have been divided into three groups by
Downey and McKinlay. This classification is less
important today from a clinical viewpoint than it
was a few years ago.

12-12. The classic Downey cells of infectious
mononucleosis are probably the best examples of
cells reported as atypical lymphocytes. This is not
to' say that they are the only ones. Other viral
infections generate their full share of atypical cells,
and very prominant among these are atypical lym-
phocytes. Downey's original description of the
atypical lymps. of infectious mononucleosis- is of
historical interest, but the classification by type is
not applicable since there is no correlation of the
types with the severity of the .dis¢ase. Atypical
lymphocytes, per se, are not pathognomonic of
infectious mononucleosis. An atypical lymphocyte
may be large or small. It may have vacuoles in the

- cytoplasm, in which case the cytoplasm has been
described as “foamy” in appearance; or it may

have scant pr abundant cytoplasm that is deeply
basophilic,/ staining deep blue; or, it may have
both basophilic and vacuolated cytoplasm.- If a
lymphocyte contains definite nucleoli (lighter
staining punched-out areas in the nucleus), it is al-

=-ways atypical, whether it contains basophilic, vac-

uolated cytoplasm or not. Those lymphocytes
containing nucleoli may be misinterpreted as leuke-

-mia.

_ 12-13. The distinguishing features of the great
majority of atypical lymphocytes are vacuolated

cytoplasm, deeply basophilic cytoplasm, and nu:- - -

cledli in the nucleus. Any one of these three mor-
phological characteristics -of any combination of
these is indicative of an at%ical lymphocyte, and
the percentage should be reported. If there is an
absolute ly ocytosis, close observation of the
individual cells 'should be made for atypical fea-
tures. . - .

12-14. The morphologic diagnosis is of value,
but the final diagnosis may depend upon serologi-
cal tests. These tests will be discussed in Volume 3

“of this ‘course. After the clinical condition sub-

sides, the “atypical” cells may be seen for many
months. The bone marrow picture of infectious
mononucleosis is not constant in appearance and
can be differentiated from leukemias

12-15. Infectious lymphocytosis is a contagious
disease of young children, believed to be caused
by a virus. Clinical manifestations are*mild or may
even be absent. The leukocytosis may be as. high
as 50,000 per cmm., and sometimes over 100,000
pel\gamm. There is both an absolute and relative
increase of gormal, small lymphocytes. The lym-
phocytosis may last 3 to 5 weeks, or slightly
longer. The bone marrow is not remarkable in the
disease, for there is a lymphocytosis, but there
may be a granulocytopenia.

' 12-16. Leukemia may be defined as a neoplas-
tic disease characterized by the proliferation of
hematopoetic cells in the bone forming organs and
peripheral blood. The' flagnosi¥(should be made
by a pathologist or hematologist. This is an ex-
tremely serious disease, and the treatmgnt involves
Pojent toxic drugs. The duration of the disease
depends upon the type of leukemia and varies
from a few days to as long-as 20 years. The more
common types of lewkemia are discussed below.

12-17. Chrogic granulocytic leukemia is char-
acterized clasEicauy by a very high white count
consisting of cells of the granulocytic series in var-
tous stages of maturation, uspally with many ma-
ture forms. There is associated anemia. The plate-
lets may be - either decreased or marked by
increase, giving rise to thrombotic episodes in some
cases. This type of leukemia in many cases is diffj-
cult to differentiate from a. leukemoid reaction
even with a bone marrow aspiration. Chromosome
and chromosomal studies' may be quite helpful.
Granulocytic leukemia is associated with chromo-
somal ‘Ybnormality on the 21st chromosome. This
is called the Philadelphia chromosome..The leuko-
cyte alkaline phosphatase test is low in granulocy-
tic leukemias and is a frequently used test to dif- .
ferentiate leukemoid reactions from leukemia.

12-18. Chronic lymphocytic leukemia is a dis-
ease that usually affects patients who are older

than 50. It is assogiated with the_best prognosis *

among the TeuKemias: Some patients live as jong as
20 years with the disease. Patients may be asymp-
tomatic and yet have a 100,000 white cell couny.
In these circumstances many physicians Awithhold
treatment. The blood picture shows large numbers
of mature lymphocytes, and the bone marrow,
spleen, and lymph nodes are markedly affected.
There is associated anemia, leukopenia,” and
thrombocytopenia. .

12-19. The acute leukemias usually have a
rapid course and are characterized by numerous
blast cells Yo the periphe®al blood. The types of
acute leukemia are in many cases differentiated
with difficulty. It is important, if at all possible, to
differentiate granulocytic and lymphocytic varie-
ties because the latter are more amenable to remis-
sion with present drug therapy than the former. In

- acute granulocytic leukemia, thin), eosinophilic,

rod shaped structures are seen in the cytoplasm of
an occasional cell. These are called Auer rods

(bodies). These leukemias have associated pro-

~ found anemia‘and thrombocytopenia. Other types

of leukemia are rare and include monogytic, meg-
akaryocytic, plasmacytic, and others.

12-20. As a final consideration in this chapter,
we will briefly discuss the demonstration of L.E.

e~
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 cells in patients with lupus érythematosus. An L.E.
cell is shown in foldout 2. This disease is charac-
terized by-the presence of an abnormal plasma
protein, which ‘results in degeneration of nuclear
material which then becomes phagocytized by
other cells. This is demonstrited in vitro in the
clinical laboratory by techniques with which you
should already be familiar. . * ,

12-21. Free masses of lysed nuclear material,

with or wijthout polymorphonuclear leukocytes -

clusteret® about them (rosette formation), are
suggestive of the L.E. phenomenon. Observing

42

“rosettes” should encouragz the teznniciap o o
peat the examipation and .earch furtice for the
true “L.E.” cells. A positive report should not pe
made without conclusive identification of this cell.
The inclusion body within the leukocyte is a hom-
ogeneous mass and has no chromatin pauern. This
feature distinguishes the true “L.E.” ceit from the

- “tart” cell which contains a phagocytized nucleus.

This latter cell contains an engulfed, damaged nu-
cleus, usually that of a lymphocyte which still con-
tains a recognizable chromatin pattern and a nu-
clear membrane.
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14. Tests for Coagulation Deficiencies

14-1. When coagulation disorders are sus-
pected, a number of tests are performed in order
to detect or identify the cause of the disorder. Fur-
ther, certajn assay procedures are neces; |-
low the cggrse of therapy in condlnom
etiology. A prothrombin time is a good example of
the latter. We will briefly discuss each of the major
tests performed in the average clinical laboratory.

e . Refer to table 9 as you read about each of these
- Va tests for an indication of their significance to the
' ’ physician in evaluating coagulation disorders.

14-2. Tourniquet Test. In some bleeding dis-
orders, capillary fragility is increased when the
capxllanes are subjected to increased positive pres-
sure. This may be accomplished by placing a :
sphygmomanometer cuff on the arm of the patient.
The cuff is inflated to a point midway between the
stytolxc and diastolic pressure. After 5 minutes the
cuff is removed. One to two minutes after this the
arm is examined for petechiae. The number of pe-
techiae appearing on a representative 1 square
centimeter area of the arm or back of the hand

. may be reported. Another method of reporting is
to draw a circle about the size of a 25-cent piece
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Figure 11.

and to count the petechiae within the circle (0 —
10 =1+;10 — 20 = 2+;20 = 50 = 3+;
over 50 = 4+). Petechiae which appear only just
below the cuff are not considered significant. In
positive tests they appear all over the entire arm
and hand.

14-37 Increased vascular fragility is sometimes
féund-in qualitative and quantitative platelet ab-
normalities, vitamin C deficiency, dietary ascorbic
acid deficiency, and in the various purpuras. The
term “purpura” is not specific, but applies to a
number of affectations characterized by bleeding

into tissue. The tourniquet test is most often per-

formed by the physician, and may be required in
the clinical laboratory.

14-4, Bleeding Time. By definition, the bieed-
ing time is the time required for a small standard-
ized wound of the finger or ear lobe to stop
bleeding. This test is very simple, but there is con-
siderable variation in securing a “standardized”
wound.. In addition, some procedures recommend
allowing the blood to flow freely, and others zdvo-

_cate blotting the blood as it accumulates. Blotting

the blood often prolongs the bleeding time bevond

+3

the normal 3 minutes because blotting may remove
small fibrin clots.

14-5. Bleeding time depends primarily on ex-
travascular and vascular factors, and to a lesser
degree on the factors of coagulation. Constriction
of the blood vessels and action of the platelets are
major forces in stopping the flow of blood. Some
other variables in this test are skin temperature,
circulation, the area punctured, and mechanical
pressure applied to the wounded area.

. 14-6. Whole Blood Ciottinz Time. When blood
is removed from a blood vessel and exposed to a
foreign surface it clots. The clotting time can be
altered by mechanical factors. Chief among thece
are temperature variatious, test tube size, surface
(coated or uncoated, wet or dry, smooth or
rough), volume of blood in the tube, and the fre-
quency as well as the way in which the tubes are
tilted. The normal range depends upon how this
test is performed. We suggost tiat vou closaly 2.
low a recognized procedure such as the Lee-White
clotting time cutiined in AFM 160-51 aad accept
the normal values given for the particular proce-
dure used. The normal range for nansiliconized
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glass tubes is usually 5-10 minutes, but may run
up to 15 minutes and still be considered normal.

14-7. Prolongation of the clotting time indi-
cates a severe alteration of the coagulation mecha-
nism. The abnormality may be due to (a) a defect
in one or more stages. of the coagulation process,
(b) a deficiency of a specific clotting factor, or
(c) the presence of an anticoagulant.

14-8. Clot Retraction and Fibrinolysis. Whole
blood, having clotted, normally retracts from the
sides of the container. Thi reactxon is a functxon
of the quantity and quali oo
fibrinogen content of the pl%6hig” and the ratlo of
plasma volume to red cell mass. Dissolution of the
clot due to the action of proteolytic enzymes then
ensues.

14-9. Clot retraction procedure. The standard
procedure is to place a tube containing blood & a
water bath and observe for retraction of the clot at
the end of 1 hour and 2 hours. A semiquantitative
technique may be performed by measuring the
amount 'of serum expressed. This may be related
to the total volume and reported in percent ac-
cording to the formula:

£

Volume of‘expressed_ss_c_rln_r_n
Volume of whole blood .

X 100

Normally, 45 to 60 percent of the sgrum is cx-
presscd from the clot, and this will occurwuhm 1
to 2 hours.

~ 14-10. Poor clot retraction occurs in thrombo-
cytopenia, qualitative platclet deficiency, and in
cases of an increase in the red cell mass. Clot re-
traction may appear to be increased in severe ane-
mia and extreme hypofibrinogenemia, because of
the formation of a small clot due to the relative in-
crease in plasma volume.

14-11. Screening test for fibrinolysis. The proc-
ess of clot dissolution, or fibrinolysis, is a neces-
sary activity following clot formation. Once the
clot has served its purpose, it must be removed.
The mechanism of clot dissolution is very com-
plex. Through a series of activators and precur-
sors, plasminogen, a widely distributed globulin, is
converted to plasmin. (Another term for plasmin
is fibrinolysin.) Plasmin acts locally to enzymati-
cally dissolve the clot. Several major coagulation
defects relate to fibrinolysis.* Consequently, it is a

* Winterobe, M. M., p. 96, op. cit.

TABLE 9
RESULTS OF LABORATORY TESTS IN VARIOUS COAGULATION DISORDERS
§ .
i Coagulation Test

Coagulation Disorder TT BT PT PC PTT CT CR TGT Plt. ct. Fib.
Vascular defect ' PR . YT o )
Thrombocytopenia ¥ + t + + t +
Thrombocytopathia 4 S + + + *
Deficiency of:

Prothrombin + +

Factor V + + + + 7

Factor VII : ' +

Factor VIII + + + +

‘ Factor IX + + + + )

Factor X + + + + +

‘ Factor XI . + + + +

Factor XII + + + +
Hypofibrinogenemia + + + : +
Presence of fibrinolysin + .
TT = Tourniquet test PC = Prothrombin consumption Plt. ct. = Platelet count
BT = Bleeding time CT = Clotting time - Fib. = Fibrinogen assay

PT = Prothrombin time CR = Clot retraction
PTT = Partial thromboplastin TGT = Thromboplastin Generation

time .test
+ = Abnormal
* = May be abnormal

mad
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TABLE 10 °
TABLE OF PLASMA RATIOS FOR FIBRINOLYSIS SCREENING TEST

’

Tube o 1 2 3 4 5 6
Normal Plasma (ml) 1.0 0.8 0.6 0.4 0.2 0
Patient's Plasma (ml) 0 0.2 0.4 0.6 ‘ 0.8 1.0
Thrombin (ml) 0.1 . 0.1 0.1 0.1 0.1 el

matter of laboratory importance to evaluate fibrin-
olytic activity. - .

14-12. The fibrinolytic activity of a patient’s
plasma may be semiquantitatively measured by
adding the test plasma to normal plasma. After
clotting, the mixture is observed for zones of lysis.
In performing this test you would prepare mix-
tures of patient’s plasma, normal plasma, and
thrombin” as shown in table 10. The tubes are
placed in a water bath and examined hourly for
lysis. If necessary, incubation is allowed to con-
tinue overnight. In the presence of an abndrmally
high devel of lysin, lysis will be observed within
several hours. An approximation of lysin concen-
tration may be determined by observing the ratio
of patient to normal plasma, Tubes 1 and 6 are
the normal and the patient’s plasma controls, re-
spectively. If the clots in all the tubes remain solid
and well formed, the test is considered negative.
Bacterial contamination must be avoided.

14-13. Platelet Count. For the accurate enu-
meration of platelets, the proper collection of
blood is important. Unsatisfactory collection of the
blood frequently results in platelet clumping; and
when this occurs, the precision of the count is
greatly reduced. Venipuncture must be made with*
out difficulty, and the time between the with-
drawal and the anticoagulation or dilution of the
blood must be kept to a minimum. For best re-
sults, collect blood with a 20 gauge needle and a
siliconized syringe. Transfer the blood to a small

 siliconized test tube which contains EDTA. Capil-

lary blood from a clear finger puncture may be di-
‘luted directly. Nonwetable plastic equipment may
also be used. A dmmercial kit is available which
contains disposable pipettes and dil¥ent. This kit is
the Unopette, a registered trademark of Becton,
Dickinson and Company, Rutherford, New Jersey.

14-14. Direct methods. You are already famil-
iar with the standard method of counting platelets
using Rees-Ecker diluting fluid. Rees-Ecker solu-
tion is an isotonic mixture which contains brilliant
cresyl blue. This procedure is c ilined in AFM
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14-15. Most well equipped laborataries perform
the direct platelet count by phase MmiCroscopy.
Blood, drawn to the | mark in a RBC plpet, is di-
luted to the 101 mark with 1% ammonium CXy-
late. Shake for 3 minutes. It is important with
phase microscopy that the diluent be optically
clear; i.e., free from dirt, dust, etc. If such con-
taminants are present, they may be quickly re-
moved by filtering the diluent through a mem-
brane filter. Thin hemocytometers designed for the
purpose are covered with a No. 1 coverglass in-
stead of the standard hemocytometer coverglass.
The" hemocytometer is placed on wet filter paper
and is covered with a petri dish cover for 15 min-
utes to‘allow the platelets to settle. Platelets are
then counted. The necessary equipment consists of -
a long-working-distance condenser with a 43X
annulus, a 43X phase objective (medium dark
contrast), and a 10X ocular.

14:16. Platelets stand out as individual round
or oval bodies with a pink or purple sheen. On fo-
cusing up and down, you can see one or more fine
processes extending from the.platelets. Crystals,
dirt, and bacteria are readily distinguished by their
increased refractility, angular shapes, and the ab-
sence of pink-purple sheen. The platelets in the
four corner squares and the central square (as for
red cell counts) are counted in each chamber. If
the number of platelets counted in the total of 10
squares is less than ape hundred, additional
squares should be examined until a total of at least
100 platelets have been counted. If the total num-
ber of cells in 50 small squares (25 on each cham-
ber) is less than 50, the count should be repeated,
making an initial dilution of 1:20 in a white cell
pipette. If with the 1:20 dilution the number of
platelets counted in 10.squares (5 on each side) is
less than 100, additional squares should be exam-
ined until af least 100 platelets have been counted
or until the platelets in all 50 squares have been
enumerated. The calculation is as follows:

No. of platelets counted < dilution
2404 > No. of squares vounter

6.

= No. per zu mm

(
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1417, Platelet counts by this method are con.

- siderably. more accurate than by ‘the Rees-Ecker -
- method, The method of blood collection reduces.
" plateet agglutination, fragmentation, -and disinte- .

oD comes the difficulty in d
v, extrancous. particles, Tec

... “.  laboratories’ that are equipped, \or that. can be -.
.. v equipped, with a phase contrast Migroscope; this
.. method is strongly recommended, The following -
.. precautions should be observed: - -

 cytometer chamber indicates that incipient clotting

- entering the " v

" blood, or dela
- ium oxalate soluti
- luted direc

ime consuming #Hfas the less ace
urate Rees-Eckelynethod. The pnly disadvantage *
is'that it requires specialized equ ment. For thoset -

there are per 1,000 red blood cells:. |

* @ The presence of platelet clumps in the hemo-
. has occurred. This miay result from difficulties in

This method 3hould not' be- attémpted without
-+ spme type of ocular disc;to narrow the field of vi-

~ cludes reliable counts, and a fresh Sample fust bo
- collected: - L s R T

* " b. If the pipettes af

S B r 11 Hie=. . * seconids after shaking,
gration. The..use of ammonium oxalate diluent’ fore jond s
 clears. the background by’ hemalysis of the red
+ ¢ells. The use of phase contrast microscopy over- -

1 distinguishing platelets from - -
ey, the method 1 cmear and expressed i number ed
‘blood: ‘cells. The number of thrombocytes per cu- RS

allowed o rest for even 10~ e
ley must be reshaken be- .

fore Tonding e chambess,

direct thrombocyte count, Thrombo- -
cytes are counted indirectly on a stained blood . .
: O red =

mm can be. casily estimated if you know the red -
blood cell count and how many thrombocytes

’RBéSlcminv' Se'-;thtbinbb’c’im;. perl,OOO kBCs, ‘

1000 T
.- .= thrombogytes per cu mm

culties in  If fewer red blood cells are counted, the formula is
‘In anticoagulating the - adjusted accordingly, with some loss of accuracy. -
uting the blood with ammon- -
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14-19. Fibrinogen Estimation. There are var-
ious means of estimating fibrinogen levels, none
of which is completely reliable. The method pre-
sented in AFM 160-51 involves diluting control
samples of diagnostic plasma to a fibrinogen con-
tent of 125 mg percent or léss. These controls are
clotted with Simplastin® and compared with the
patient’s plasma which is also clotted with Sim-
plastin. Much simpler methods for estimating fi-
brinogen levels are available in kit form. One pop-
ular method involves diluting a drop of blood by
finger puncture directly into a buffer solution. The
diluted blood is reacted on a card or slide and
compared with a control. This appears to be a
convenient means of indicating decreased fibrino-
gen levels.’

14-20. Prothrombin. In the presence of excess
tissue thromboplastin and an optimal calcium
level, plasma clots rapidly (11-15 seconds). The

has formed to simultaneously contact botk 'o0p
and needle, the timing device stops. The pro-
thrombin time is read directly from the digital read-
out register on the lower end of the timing device.
Due to wide variations in individual technique, the
use of an automatic instrument to perform pro-
thrombin times is more reliable than doing the test
with test tubes, pipettes, and a stop watch. This is
especially so if several techiffcians perform these
tests on a rotating schedule.

14-22. Normal plasma has a prothrombin time
of 11'to 15 seconds, depending on the activity of

. the thromboplastin. The clotting time of the nor-

time required for clotting is known as the one- .

stage prothrombin time. The prothrombin time of

~ a patient’s plasma may be expressed as a percent-

age of the control plasma and reportedas percent
activity. However, the current trend is away from
reporting percent activity. A commercial control
should be used, not a so-called “normal” patient.
If a locally prepared control ‘must be used, pool
three to five normal individuals who are not un-
dergoing treatment.

14-21. In the Quick method of prothrombin _

testing, 0.1 ng of plasma to be tested is mixed
with 0.2 ml. commercially prepared thrombo-
plastin. The amount of time that elapses prior to a
clot being formed is the prothrombin time. The
length of time required is determined by tilting the
tube at selectéd intervals or by using a wire loop to
entangle the clqt. The first appearance of a clot is
the end point g\ the test. The Qbick prothrombin
time is very é;gx;a table to testing with automatic
timing devices

Oge such instrument is illustrated
in figure 12. An abtomatic dispensing pipette that
dispenses both patiént speciment and thromboplas-
tin is seen at the bottom of the picture. The main
unit in the picture is composed of two compo-
nents: a series of incubator wells on the right and
the actual timing device with more incubator wells
on the left. Preincubated patient plasma is added
to a plastic cup in the well under the center post
seen just above the electrical socket. The auto-
matic dispenser is then filled with preincubated
thromboplastin. The dispenser is reset so that the
clot timing device is actuated when the plunger is
depressed. When the clot timer is actuated, the

center post drops down so that a wire loop and a

wire needle come into contact with. the plasma-
thromboplastin mixture. When enough of a clot

[
* Simplastin. R;rislered Trademark
Vi

of General Diagnostics Dj-
on, Warner-Chilcott.

a

(e

mal plasma represents 100 percent activity for the
system on a particular day. The daily_ control
should always have a 100 percent value that is
within the range of the normal samples used to
construct the curve. The prothrombin time is pro-
longed if there is a decrease in the vitamin K-de-

pendent clotting factors of the second stage of co-

agulation, namely prothrombin and Factors VII
(stable) and X (Stuart). A decrease in Factor V
(labile) or a fibrinogen (Factor I) concentration
of less than 80 mg. percent will also prolong the
prothrombin time. -

14-23. The one-stage prothrombin time js mis-
named because it is not a measure of proth¥ombin
activity alone. It also reflects the activity of other
second and third stage clotting factors. For this
reason, an unexplained prolonged prothrombin
time necessitates an assay of other clotting factors.
Some constituents, e.g., Factors VIII and IX, are

5.

reported to have no significant effect on the one-

stage prothrombin time. In spite of some interde-
pendence among factors, the one-stage prothrom-
bin time is still the most widely used and valuable
teSt to monitor anticoagulant therapy with throm-
binopenic drugs. v .

14-24. There are certain precautions to observe
when performing a prothrombin time test: Plasma
should be examined as soon as possible following
collection. Standing either
in the refrigerator for more than a few hours re-
sults in loss of Factor V. There is recent evidence
that Factor V destruction is hastened by the use of

0.1M sodium oxalate as the decalcifying agent. .

For this reason, it may be preferable to use 3.8
percent sodium citrate as the anticoagulant.4 Pre-
cautions other than storage time include tempera-
ture control and the use of suitable thromboplastin

.extract. Be particularly careful in reconstituting

the thromboplastin preparation to avoid {oss of the
dry powder when adding the water. The reconsti-
tuted reagent is stable for 48 hours at refrigerator
temperature, Write the time and date on the lakel

¢ Bairangton, J. D., Peterson, E. W., Laboratary Control of Anti-
coagulation Therapy. USAF School of Aerospace Medicine Junpe

1967
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to indicate when the thromboplastin was reconsti-
tuted. This will help prevent the use of unsuitable
reagent” It is possible to divide the reconstituted
thromboplastin mixture into aliquots and store in
the frozen state for a month. However, it must be
quick frozen and stored at 0 to 20° C., and ali-
quots must not be thawed and refrozen.

14-25. Prothrombin Consumption Test. As
blood clots, prothrombin is converted to thrombin.
The clotting factors that are necessary for the for-
mation of intrinsic thromboplastin must be present
in the blood in adequate amounts for this con-
sumption of prothrombin to occur as the clot
forms. One measure of the efficiency of the clot-
ting mechanism is the amount of prothrombin’ that
remains after clotting has occurred. Since fibrino-
gen and Factor V are also consumed when clotting
occurs, they must be furnished by adding barium
sulfate-adsorbed plasma which contains fibrinogen
and Factor V, but no prothrombin or Factor VII.
Barium sulfate-adsorbed plasma can be prepared
from normal plasma or procuged cominercially. A
technique for this test is found in AFM 160-51.
" However, AFM 160-51 suggests adding fibrino-
gen rather than BaSO,-adsorbed plasma. This is
an error which will probably result in a false-nor-
mal test betause Factor V is not avajlable and the
mixture will not clot.

14-26. 1f properly performed, theprothrombin
time from serum fortified with baritin’sulfate-ad-
sorbed plasma should be more than 30 seconds.

Results are considered valid only if the one-stage

prothrombin time is ,normal. ‘The . prothrombin
consumption test is abnormal in platelet .deficien-
cies of the thromboplastin precursors (Factors

i

VIII, IX, X, XI, and XII). It is important that the
barium sulfate-adsorbed plasma be deprothrombi-
nated sufficiently to give a prothrombin time over
1 minute when checked with the thromboplastin
preparation.

14-27. Partial Thromboplastin Time. Certain
thromboplastins are unable to compensate com-
pletely for the defect in hémophilic diseases. These
substances are termed “partial thromboplastins.”
Partial ‘thromboplastin is more sensitive to a de-
crease in plasma factors and gives a normal
plasma clotting time (12-15 seconds). Several
partial thromboplastin preparations are available
commercially. These include Patelin,* Thrombo-
fax,® and Asolectin.” The first two are brain
cephalin products and the third is a soy
phospholipid extract! As usual, follow the manu-
facturer’s instructions when using products of this
type.

14-28. The usual technique is to add 0.1 ml. of .
0.025M calcium chloride to a 1:1 mixture of pa-
tient’s plasma and partial thromboplastin. Normal
range should be established with normal plasma. If
the patient’s plasma is abnormal, mixed studies

- may be performed as a screening differential diag-

nostic clue. This is done by labeling three tubes a,
b, and c. To each tube add 0.1 ml. partial throm-
boplastin and incubate at 37° C. To tube a, add
0.1 ml. of a 1:1 mixture of normal plasma and pa-
tient’s ‘plasma. To tube b, add 0.1 ml. of a 1:1
mixture of fresh barium sulfate-adsorbed plasma
and patient’s plasma. To tube ¢, add 0.1 ml. of a,
1:1 mixture of known deficient plasma and pa-
© 3 Warner-Chilcott, Motris Plains, N. J,

$Ortho Pharmacsutical Co., Raritan, N. J,
7 Associated Concentrates Co., Woodside, N. Y.

TABLE 11
RESULTS OF THE THROMBOPLASTIN GENERATION TEST IN VARIOUS DISORDERS

Reagent
Coagulation Adsorbed
abnormality plasma - Serum Platelets
Factor V Abnorm;i Nogmél Normal
?éctor VII - Normal N Normal Normal
Factor VIII Abnormal Normal Normal
Factor IX Norm#l Abnormal Normal
Factor X“ - | Normal _ Abnormal Normal ,
Factor XI i Abnormal ’ Abnormal ’ Normal
Factor XII Abnormal Abnormal
Inhibitor 4 Abnormal Abnormal — Normal
Thrombocytopathia Normal ‘Normal ‘ Abno;mal
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tient’s plasma. "You would, of course, proceed to
add calcium chloride and determine the clot time
for each tube. If tube a is normal, this rules out an
anticoagulant. If b is also normal, this suggests
Factor VII deficiency; if b is not normal, Factor
IX deficiency is a possibility. If ¢ is normal, the
plasmas have different deficiencies; however, if ¢
is not normal, the plasmas have the same defi-
ciency. -

14-29. The partial thromboplastin time is pro-
longed in deficiencies of prothrombin and Factor
V, as well as in deficiencies of all the plasma fac-
tors in the intrinsic system. To exclude an abnor-
mality of a factor in the extrinsic system, a pro-
thrombin time test should be performed on all
abnormal plasmas.

14-30. Thromboplastin Generation Test. The
combination of adsorbed plasma, serum, platelets,

and calcium forms a mixture capable of generating

a potent thromboplastin. The efficiency of this
mixture may be measured according to the ability
of the thromboplastin to clot a plasma substrate.
Technique for the thromboplastin generation test
may be found in almost any turrent manual of

blood coagulation methods. This procedure does

not appear in AFM 160-51 (April 1962), how-
ever. Since one of the reagents required is platelet
rich plasma, siliconized glassware must be used.
(Refer to the appendix for reagent preparation.)

14-31. Results of the thromboplastin genera-

3

-

tion test are interpreted in te:ms of exch of the e-
agents used; i.e., substrate pla:ma, adenzped
plasma, serum, and platelets. A defect in the ad-

sorbed plasma indicates a Factor V or Factor VIi

abnormality. If Factor V is decreased, the pro-
thrombin time should be prolonged. An abnorm-
ality in the serum fraction suggests a Factor IX or
X deficiency. If Factor X is decreased, the pro-

thrombin time should be prolonged. Finally, if the

adsorbed plasma and seruin are abnormal, Factors
XI and XII are considered. Failure to obtain any

degree of correction when normal reagents cre -

substituted may indicate an inhibitor directed
against thromboplastin formation. These results
are listed in Table 11. _

14-32. Therc are many additional tests which
may be performed to identify coagulation defects.
We haye presented the most common and reliable
tests that may be performed in any well equipped
laboratory. As you can readily see, the concept of
blood coagulation is by no means simple; neither
are the tests and interpretations required to accur-
ately identify every possible coagulation protlem,
Unusual or difficult areas are most effectively pur-
sued at large facilities which are staffed with spe-
cially qualified hematology technicians. In some
cases, the patient must be referred to such facili-
ties because a complete laboratory evaluation can-
not be performed on blood that is delayed by
transportation.
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PREPARATION OF BLOOD REAGENTS FOR COAGULATION STUDIES

1.

Substrate plasma. Obtain blood.samples from normal controls and patients
using silicone-coated syringes (30 ml. is sufficient: for the test). Add 9.0 ml.

.. of blood to 1.0 ml. of either the citrate or oxalate anticoagulant, Centrifuge =
- ‘the blood at 2,500 rpm for 10 minutes, remove the plasma, and store it at 4° C.

until ready to use. The substrate plasma serves as the source of prothrombm.
Eactor VII, and fibrinogen.

Deprothrombinized plasma. Mix normal and patient’s plasmas each with a
prothrombin-adsorbing reagent. Dilute the plasma 1:5 in saline and allow to
stand for 1 hour, at 4° C,, or in an ice bath before use. The adsorbed plasma

- is the source of Factors V, VIII, XI, and XII. v

Platelets. Add 9.0 ml. of blood to each of two smconc-coated tubes .containing
1.0 mg of sodium citrate (sodium oxalate should not be used). Centrifuge at
1,000 rpm for 10 minutes or 2,500 rpm for 3 minutes. Remove the platelet-
rich plasma,with a silicone-coated pipette and record the volume. Transfer the
plasma to a secqnd silicone-coated tube and centrifuge at 2,500 rpm gpr 20
minutes. (The resultant platelet-poor plasma may be used for substrate, for
adsorption, or for plasma factor assays.) Loosen the packed platelet button’
gently with an applicator stick, wash with saline by thorough mixing, and
centrifuge. The washing procedure should be repeated a second time. Then

suspend the platelets in an amount of saline cqual to one-third the original
plasma’ volume.

Barium sulfate adsorbed-plasma Use chermcally pure powdered barium sul-
fate, approximately 100 mg. of barium sulfate for each. milliliter of plasma.
Incubate the plasma—barium sulfate mixture for 10 minutes at 37° C. with
frequent mixing. Certifuge the material and remove the upper three-quarters of
the ‘plasma. If properly adsorbed, the plasma. should have a one-stage
prothrombin time greater than 1 minute.

rs
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APPENDIX
PREPAI%TION OF ‘BLOOD REAGENTS FOR COAGULATION STUDIES |

1. Substrate plasma.: 6btam blood samples from normal controls and patients
using silicone-coated syringes (30 ml. is sgﬁclcnt for the test). Add 9.0 mil.
of blood to 1.0 ml. of either the citrate or cxalate anticoagulant. Centrifuge
the blood at 2,500 rpm for 10 minutes, remove the plasma, and store it at 4° C,

_ until ready to use. The substrate plasma serves as the source of prothrombin,
Factor VII, and fibrinogen. &/

~

2. Deprothrombinized plasma. Mix normal and patient’s plasmas each with a
prothrombin-adsorbing reagent. Dilute the plasma 1:5 in saline and allow to
stand%or 1 hour, at 4° C,, or in an ice bath before use. The adsorbed plasma
is the source of Factors V, VIII, XI, and XIIL

3. Platelets. Add 9.0 ml. of blood to each of two silicone-coated tubes containing

" 1.0 ml. of sodium citrate (sodium oxalate should not be used). Centrifuge at .
1,000 rpm for 10 minutes or 2,500 rpm for 3 minutes. Remove the platelet- B
rich plasma' with a silicone-coated pipette and record the volume. “Transfer the
plasma to a second silicone-coated tube and centrifuge at 2,500 rpm for 20
minutes. (The resultant platelet-poor plasma may be #sed for substrate, for
adsorption, or for plasma factor assays.) Loosen the packed platelet button
gently with an applicator stick, wash with saline by thorough mixing, and
centrifuge. Theyashmg procedure should be repeated a second time. Then
suspend the platelets in an amount of saline equal to one-third the original
plasma volume.

4. Barium sulfate adsorbed-plasma. Use chemically=pure powdered barium sul-
" fate, approximately 100 mg. of barium sulfate for each milliliter of plasma.
Incubate the plasma—barium sulfate mixture for/10 minutes at 37° C. with } >
frequent mixing. Certifuge the material and remove the.upper three-quarters of
the plasma. If properly adsfwbed, the f‘lgsma should have a one-stage
prothrombin timeé greater-than 1 minute.
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STUDY REFERENCE GUIDE

v !/
1. Use this Guide as a Stm;x Aid. It emphasizes all impogtant study areas of this volume.

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback
on the Results. After each item number on your VRE is a three digit number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows you
where the answer to that VRE item can be found in the text. When answering the items in your
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be
sent to you on a postcard which will list the actual VRE items you missed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review the areas covered by these Guide Numbers. Review
the entire VRE again before you take the closed-book Course Examination.

. Use the Guide for Follow-up after you complete the Course Examination. The CE results will
e sent to you on a postcard, which will indicate “Satisfactory” or ‘“Unsatisfactory” complétion.»
Thercard will list Guide Numbers relating to the questions missed. Locate these numbefs in the
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to
insure your mastery of the course.

'
Guide
Number

Guide

Guide Numbers 100 through 116 Number

100 Introduction to the Physiology of Blood; 110

The Composition of Blood, pages 1-3

Evaluation of Red Cell Abnormalitiég,
pages 33-35

101 Functions of Blood: General; Oxygen- ]
= Carrying Capacity, pages 3-6 111 Introduction to Leukocyte and Thrombo-
" cyte Maturation; Normal Maturation Se-
102 Functions of Blood: Erythrocyte Metab- quence, pages 36-39
olism; Leukocyte Functions; Circulation, ‘ -
pages 69 112 Lgukocyte Abnormalities, pages 3942
103 Introduction to the Complete Blood Count
and Related Studies; Collecting a Blood 113 Introduction to Blood Coagulation Studies;
Sample, pages 10-12 Principles of Coagulation, pages 4347
104 Cell Counts, pages 1217 114 Tests for Coagulation Deficiences: General; -
) s . Toumiquet Test; Bleeding Time; Whole
105 chroscopxc Studies, pages 17-21 Blood Clotting Time; Clot Retraction and
Fibrinolysis, 47.50
106 Hemoglobin and Hematocnt Studies, pages ysis, pages
21-25 1ﬁ;ﬁ/
115 Tests for Coagdfition Deficiences: Platelet
107 Statistical Analysis, pages 25-27 Count; Fibrinogen Estimation; Prothrom-
~ bin; Prothrombin Consumption Test; Par-
108 Introduction to Erythrocyte Studies; tial Thromboplastin Time; Thromboplastin
Morphology-of Erythrocytes, pages 28-31 Generation Test, pages 50-54
109 Abnormalities in Erythrocyte Production 116 Appendix: Preparation of Blood Reagents
and Destruction, pages 31-33 for Coagulation Studies, pages 55-57 =

RN
Co




7

v CHAPTER REVIEW EXERCISES -~

' The following exercises are study aids. Write your answers in pencil in the space provided after each
exercise. lmmedmtely after completing each set of exercises, check your responses against the answers for
“ that set. Do not submit Yyour answers to ECI for grading. '

CHAPTER 1
Objectives: To be able to recognize the principal cellular and plasma constituents of blood, together with their
related functlons and to be able to outline the physxology of respiration with reference to the oxygen-carrying
capacity of blood.

1. Whefe are yo<r red blood cells produced? (1-7, 8)

v

-

-~
.
. ‘ Ps

2. - (a) Define mitosis; meiosis. (b) Which of these two terms applies to the production of blood cells? (1-9)

¥ ' : : )
3. Where are most of your white blood cells produced? (1-10) . . :
| : . )
L 3
I
4. The normal RBC has a half-life of 28 to 38 days. What does this mean? (1-14) "
: 7/
5. List some of the functions of blood. (2-3)
i N
6. Distinguish between internal respiration and external respiration. (2-6) o
‘ 2




10.

1.

12.

What effect does water vapor have on air pressure in the alveoli? (2-8)
At which point will oxygen cease to diffuse into the capillaries-surrounding the alveolus? (2-9)
(a) Of what physiological significance is the partial pressure of carbon dioxide in venous blood as compared
with-the partial pressure of carbon dioxide in the alveolus?
(b) What are the values for these partial pressures respectively?
(2-9,10)
How do you explain the fact that CO, diffuses readily betweer the venous blood and alveoli with a
pressure gradient of only 6 mm Hg, whereas oxygen requires a much hngher differential gradient to
diffuse into the cappillaries? (2-10) -~
v
- !
(a) What is the physiological difference between arterial and venous blood?
(b) Do all arteries contam arterial blood in the physiological sense? Explain your answer.
. (2-14)
(a) Briefly describe the hemoglobin molecule. (2-15)

(b) How does the hemoglobin molecule “carry” oxygen? (2-17)

3
Cl

%)




13. (@) What is the difference between a microphage and a macrophage?
(b) Give an example of each. _ \

(2-20,21) : 7 S ‘
|
1 -~ i
14." What is current thinking regarding the function of lymphocytes? (2-24) .
; .
15. (a).Outline the course of blood through the pulmonary qirculatobry system. . ~
() Outline the course of blood through the systemic circulatory system. *
(2-28, 29

16.  You perform a hemoglobin on a patient who is bleeding quite sevérely. The result is 11 g%. Thirty minutes
later the hemoglobin value is still 11 g%. How do you explain this? (2-31-33)

CHAPTER 2 -

Objective: To show a knowledge of the principles and procedures involved in a complete blood count and semen
ar\@lysis. . '
‘ 4 » .
1. (a) What is the primary advantage of a venipuncture over a capillary puncture? .
(b) What is the primary disadvantage of the venipuncture?
(¢) Is there any significant difference between capillary blood and venousblood with respect to routine
hematology results?
(Intro.-2)




-
' 2. Excluding infants, describe specifically the best site for a capillary puncture for most studies. (3-3)

© ¢
4

3. (@) What technique might.you use to obtain blood for a CBC and microbilirubin from an infant 3 days
old? o
(b) What precaution should you exercise when employing this technique?
(3-3)

Q.

4. Exactly what d6 we mean by an atraumatic venipuncture? (3-5) ,
-~ ’ ” ° .I

i

5. Under what circumstances, if any, may you draw blood from a femoral vein? a jugular vein? (3-6)

.

6. In what type of blood work is the time of tourniquet application particularly critical? (3-6)

-

7. How would you describe the action of 70 percent isopropyl alcohol as a venipunctﬁre site cleanser? (3-8)

3
8. What should you do if blood infiltrates and the tissue “wells up™ around a venipuncture site while you are
drawing blood? (3-9) >

N\ o




: |
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9. Whatisa possible objection to merely bending the elb(;w as a post-venipuncture posture? (3-10)

v

n

©

10. () Which anticoagulant has the least effect on the size of cellular components?
(b) What is the anticoagulant of choice for routine CBCs?
(c) What is the objection to using heparin routinely for CBCs? i
(3-12,13) - :

v

11. () If you draw blood to the 0.3 mark in an RBC pipette and dilute to the 101 mark, what is the dilution?
: (b) When might this particular dilution be of practical value?
(4-7) o

3 | - | f

12, In the manual routine RBC count, what is the factor of (a) dilution, (b) depth, (¢) area? (4-10)

13. In the manual routine WBC count, what is the factor of (@) dilutiorb(b) depth, (¢) area? (4-13)

s

14.  In performing a manual routine total cell count or CSF, you count 9 cells in the undiluted specimen.
What is the reported cell count in number per cmm.? (4-15)

/o

a 15. Or what general value is a CSF differential to the clinician? (4-17)

.




16.

17.

18.

19.

2t.

Y ~
~

2
Assurﬁing that a semen specimen is collected in the hospital, at which time intervals following collection
should you examine it for motility? (4-21)

v

(@) List the ingredients recommended in the text for diluting semen. .
(b) What effect, if any, does this diluent have on the spermatozoa?
(4-22) '

¢

(@) You mix 0.1 ml of semen with 1.9 ml of diluting fluid, and you perform the count as you would a
routine RBC count: If you count 127 cells, what is the reported count in number per mi?
(b) What is the normal for a sperm count?

(4-22)

.

°

Briefly describe the principle of:

(a) The optical system for electronic cell counts.
(b) ThAresistance type counter.

(4-23

List the most common sources of error in electronic cell counting. (4-27)

(a) How can you determine the “safe period™ in which WBC counts may be performed following addition
of the stromatolyzer? )

(b) How long afteraddition of the stromatolyzer does. dissolution of WBC'’s usually occur? _

(4-28) . ‘ :




23.

24.

28.

’

-

List the recommended daily checks to reduce instrument failures with electronic cell counters. (4-30)

To become proficient in perfoﬁ'ﬁjng differentials, what must all technicians be abie to do? (54)

¢

What is the best §vay to determine cell size? (5-9)

What do we mean if we say that a cell has an N:C ratjo of 1:2? (5-12)

Hew is a band cell distinguished from the (a) metamyelocyte and (b) neutrophil? (5-14)
’ . h

«

What is the most distinctive feature of an immature nucleus? (5-15) g

How would you fix unstained blood smears which are to be held for more than 4 hours? (5-21)

4

32




29.

30.

31.

32.

33.

34.

. -a35.

What is probably th'e best action to take if a stain is too acid, with loss of detail to leukocytes other than
eosinophils? (5-26) '

How many platelets would you expect per oil immersion ﬁgld' on a normal differential smear? (5-29)

. c

(a) What is the maximum probable error for spectrophotometric hemoglobin determinations according to
the text? - '
(b) What is the most significant contributing factor to hemoglobin errors?

(64) \ : /
List some sources of error m the cyanmethemoglobin procedure. (6-9)

What is the principal objection to the oxyhemoglobin ﬁrocedure as a manual method? (6-10)
/

*

(@) Name three “inactive” forms of hemoglobin.
(b) Why are they referred to as “inactive’?
(6-12)

. . 1

List some sources of error in the microhemotocrit procedure. (6-14, 15)




. 36.
( ' in hemotology. (7 5,8) , .

Describe two ways by which the standard deviation concept is used for control and statistical evaluation

'&AWER 3 - . _
Objective: To be able to describe the origin and maturation of erythrocytes; the various kinds of blood cell

abnormalities; and the significance of various tests designed to measure cell fun@lﬁon size, shape and count.

I. Name two qualitative variations which may occur in red cells. (Intro.4)

Define erythropoiesis. (8-1) S ’ ,

.

\

4

r . ~ . -

. 5. What cell in the erythrocyte series can be described as be<1g moderately large, with dark royal blue cyto-
. v plasm, a round nucleus, indistinct parachromatin, and distinct nucleoli? (8-4)

~

Name two morphological characteristics which distinguish the rubncyte from othe; cells in the erythrocyte
series. (8-6)

ERI
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b

7.

8.

9.

10.

1.

12.

13.

.

What cell is normally the smallest, nucleated cell in th_e .red,cell series?.(8-7)

. ) e . / I. . . ,/ N -
= , . , _ .\
. . . . \ it ags .
How do reticulocytes differ from erythrocytes with djffuse basophilia or basophilic stippling? (8-8,9)
. 9 . . '
Why does a normal, mature, red blood cell stain less inte.nsely in the center? (8-11)
Norrgally, what can be said concerning the rate of development bétween the:nucleus and cytoplasm in
. erythropoiesis? (8-12)
3 ’
- ’ .
» L o
* What is asynchronism? (8-13) ' : ' , .
’ (. \
Name three morphological variations in red blood cells which might develop from genetic inheritance.
(8:14) oo o
What causes hypochromia? (8-16)




14,

15.

16.

7.

18.

19.

y
How the terms *‘polychromasia” and *“‘diffuse basophilia” synonymous? (8-10, 17)
. <. L N
o N '
Describe a spherocyte, (8-18) ' ' _
What would the observation of sickle cells mean if reported on a r‘outine differential smear? (8-21)
] B . f‘* . . ..
“ 3
- ~ ,% . *
. s ) . - . » N ’ 4] ' =
What term describes the blue, threadlike figure eight rings found in red cells of patients with severe
anemias? (8-24) e ' - T
7 ) . ' b “ N
List three terms used to degcribe residual nuclear material in an_erythrocyte. (8:23,24) . o~
[ P . o , '
. \ -
What is a siderocyte? (8-27) -
- - - = . . .
4 . ' . 4 .
How do acanthocytes differ from spherocytes? (8-18, 28) v
. ) . L A
, : N /-




21.

22.

24.

26.

26.

27.

-28.

What is polycythemia? (9-2)

N

-

Ndwme the three types"of polycythemia? (9-3<5)

.

What factor concerning RBCs, other than a decrease in q'ua}it)'/, may indicate anemia? (9-6)

- L
- . . 2

’ I3 ‘ . ’
’ .

1=

Define two terms used to describe the amount of color 1n siained erythrocyies? -7
- ' : ’ . v 3
List three factors upon which normal hemadtopoiesis depends. (9-8)

\ -]

Define henioglobinopathy. (9-9) \ :
A ‘ . . N '- ‘ v R ~

Name two inherited hémoglobinopathies. (9-9)

a | - . \

.
How does free hemoglobin, released from the red cells by hemolysis, affect oxygen metabolism? (9-11)

- -




2.

30.

31.

32.

33.

34.

35.

What term is used to describe a hemolytic anemia mamfested by abnormial cellular morphology abnormal
hemoglobin, or both" (9-11)

-

. How do antibodies cause hemolysis? (9-13) '

N

) )
What tests determine the elasticity or strength ot the cell membrane? (9-17)

- - ¥

"
What characteristics would you expect to see in red cells of a microcytic hypochrormc anemia? (8-14, 16;
9-18) - v . _
> ) e . e~ s

State whether the anemia resulting from hemolytn. disease of the newborn is a congemt@I or acquired
anemia and give the reason for your answer. (9-11-13, 19)

-

Name two possible known causes for aplastic anemia. (9-24)

. .- . M

g :
What effect does reduced oxygen tension have on red blood cells containing hemoglobin **S™? (10-2)

L]
@
o -
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., 36. What report is réndered for a sickle cell preparation. (10-3)

N -~

7

“ a LY
‘ .

37. How is the erythrocyte sedimentation rate used in modern clirﬁul,‘?medicine? (10'4)')

. -
-

- . .
’ -

[:d

38. How is the mass of a particle falling in solution related to its rate of fall. (10-5) .

. 3

39. In considering the basic principles of etyth:ocyt’e sedimentation, what threg circumstances increase the
mass? (10-6) ) i . .

' : v

l‘ (;
. .
40. ) Identify Your technical aspects that influence erythrocyte sedimentation rate. (10-10-12)
| Ny |
41. What factor exerts the most clinically significant effect updh"etythrocyte sedimentation? (10-13)
‘ . . . . ) ¢ Y
- ) ‘ .
42.  List three values which comprise the red cell indices. (10-14) '
~ 0 ’ N ’
< s \

15
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" e ; \

43. What three values must be determined .for calculatidn of RBC indices? (10-15)

-
“k

44,. What precautlon must be observed if anelectronic particle counter is used to count the RBCs for indices
calculation? (10-17) .

» A .

- What physical characteristic of a fluid affects the distortion or lysis of RBCs in that flyid? (10-18)

{

-~ * - a

-

Sy

46. Identify the first observation made when an erythrocyte starts to lyse. (10-19)

\

. Ly

“

oo . . ' . ) . T * N ° )
47. Why is a red blood cell nor lysed in isotonic (0.85%) saline? (10-20)

> ‘

.

t - ' .

48. What may be done to increase the sensitivity of the RBC‘os;notic fragility test? ¢10-22) °

CHAPTER 4

\-- ' k
Objective: To demons:l?je a knowledge of hemopoiesis and sites of cell production; the maturation sequence ofd_
white blood -cells; the nforphological characteristics of white blood ¢ells; and, the features of abnormal cells
found in prenpheral blood smears.

» c -
> e

l~. List four g%eral trends observed in the matﬁration of all’'blood cells (11-1) \ '

<




’ .
D B -

What granult':s are normally observed first in the maturation of granulocytes? (11-2, 3)

-—
o

¢ T 3. Name the cell stages in the normal rp‘aturatiorf"‘order of the granulocytic series. (11-3)
L 4 a <.
N

4. Give the most distinguishing morphological characteristics of each of the following:

(a) Myeloblast. - . ./

- (b) Promyelocyte. * ‘ , v
4 (c) te: . . “
@ myelocyte. . p
(114-10 . ,
« . . ‘ ! . N + i

S. Why are eosinophilic and basophilic leukocytes not differentiated after the myelocyte stage of develop-

ment? €11-13, 15) T N -

-
. .
. ¢ - \
6. What are distinguishing morphological characteristics of the megakaryocyte? (11-20) .
. . ?
3
- 7. Primarily, where do lymphocytes originate in the body? (11-21)
-
: \ - .




8.

10.

12.

T 13.

>

or hlstochemxcal appearance of cytoplasm.

(@) Cytoplasmic granules. *

(¢) Shape of the nucleus. . N
(f) Chromatin appearance. * '

(11-25)

l,- o y‘

In considering ﬁlorphology, what other leukocyte might be easily mistaken for a myeloblast? (1.1-27)

-

3

Name one of the most distinctive morphological featqures of the raonocyte. (11-30)

s
L)
©

Name two terms used to describe leukocyte remnants in a dlfferentlal resulting from mechamcal pressure.
(12-1) .

4
. : . L
\' " > . (
State the terms used to describe an increase or decrease in leukocyte number. (1220
ﬁﬂ-/ \
— hd

14

-

How does the classxﬁcatxon by type of atypical lymphocytes corielate with the seventy of the disease?
(12-12) ‘ , -

.




14. List three distinguishing, atypical, morphological characteristics observed in the gre;xt majority of atypical
lymphocytes. (12-13). . , .

L}
-

i}

15.  Which hematology test is frcquently used to differentiate a leukemoid reaction from granulocytic
leukemia? (12-17)

\l

.

16.  Which of the acute leukemias is more amenable to remission? (12-19) . -

17. What are Auer rods (bodies)? (12-19)

18. - Describe the difference betweena true L.E. cell and a tart cell. (12-21) .

, CHAPTER §

s

Objectives: To demonstrate an understanding of the concept of hemostasis, including both the intrinéic and
extrinsic mechanisms; to be able to describe the principal tests used to follow bleeding disorders and anti- -

coagulation therapy. P

1. Define () hemostasis, (b) extrvascular mechanism, (c) vascular mechanism, and (d) intravascular
mechanism. (13-2) 0

~ ‘ CE - ‘

A




2. Briefly list the three stages of blood coagulation. (13-5) ' N

\

&

3. (@) In the intrinsic system, where are the factors responsible for coagulation found?
(b) In the extrinsic system, what is derived from the tissues?
- (13-6,7) . .

*

4. What does the partial thromboplastin time indicate? (13-14:

'
-

5. (@) Which stage of the clotting mechanism is measured by the prothrombin time test? |
(b) Which factors does the test measure?
(13-18)

L]

6. (a) What is the difference between hemoph%lia A and h‘emophilia B?
'(b) Why is hemophilia more common in males than in females? f
e (1321 :

.
N

. -
¢y

7. Which of the tests discussed in section 4 is most likely to indicate a deficiency of ascorbic acid in the diet?
A14-2,3) ' '

»
‘e
oo

20 - h :




10.

11.

12.

13.

4.

4

Is the bleeding time test generally a good screening test? Why or why not? (14-4)

»

-

What primary deficiency is measured by the gjot retraction test? (14-10)

L
‘How can a phase microscopist differentiate platelets from debris? (14-15, 16)

X

What is the greatest potential source of error to the platelet in shakmg the pnpette and charging the
chamber? (14-17)

L]

List some precautions y*l should observe in performing the prothrombin time test. (}4-24)

-
v "
[ -

¢

. . .
(@) Which stage of the clotting mechanism is measured by the prothrombin consumption test?
(b) Which test, if any, must be normal for the prothrombin consumption test to be valid?

(14-25, 26)

-~

(a) Which factors, if deficient, will prolong the parnal th:omboplasg time? # \
(b) Which test would you be most likely to perform.next if the gartial thromboplastm time is abnormal"
(14-29)

' T

[N

21
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. ) . *® -
.15, Assuming that you have properly performed the test, what is suggested if you fail to obtain a degree ¢ }
correction when normal reagents are substituted in the thromboplastin generation test? (14-31) ‘ S
, .
%
»
. N
[~
’ ®
)
/ . R L
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Y,
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2
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13.

14.
1s.

16.

'ANSWERS FOR CHAPTER REVIEW EXERCISES

' CHAPTER | 4
y ' _ ' \
In the red marrow of the so-called spongy bones. (1-7, 8) ‘ :

(@) MltOSlS is cell division without reduction in the number of chromosomes. Meiosis is reduction dxvmon

in which sperm and egg cells develop with onehalf the number of chromosomes of their parent cells.

(b) Mitosis. (1-9)
In the bone marrow. (1-10)

This means that 28 to 38 days is required for one-half the number of cells tagged with a radxoactxve isotope

to disappear from circulation. (1-14)
- -
To transport oxygen and carbon leX.lde serve as an environment for body célls; re‘gque body tempera-

ture; distribute chemical substances, transport waste products and maintain acid-base balance. (2-3)

Internal respiration is the exchrange of oxygen and carbon dioxide between the blood and body cells. .
External respiration is the exchange of gases between the blood sylveoh of the lungs. (2-6)

)

Air pressure is reduced by the pressure of the water vapor. (2-8)

At the point where the alveolar pressure reaches 100 mm. Hg., wluch is also the partial pressure of oxygen
within the capillary. (2-9) . _ -

(a) The difference between the two partial pressures results in an exchange of carbon dmgde into the
lveolus. (b) 46 mm. Hg. and 40 mm. Hg. (2 9, 10)

Carbpon dioxide has a greater coefficient of dxffusxon than oxygen. (2-10)

@) Arterial blood contains more oxygen than does venous Blood.
(b) No; the pulmonary artery contams venous blood which is enroute to the lungs
(2-14)

L

s h'Y

(a) Hemoglobin is a complex molecule of rather high molecular weight (64,500 a.m.u.). It contains 4
atoms of iron surrounded by chains of animo acids. (2-15) ' :

(b) Hemoglobin oxidizesYo the ferric (+3) state and thus becomes oxyhemoglobin. In givthg up oxygen,
oxyhemoglobin reduces to the ferrous state. (2- l7)

(a) Macrophages engulf large particles such as protozoa as well as small particles like bacteria. Microphages

engulf smal.Lﬁrtlcles only.
(b) Monocyt#s are macrophages and neutrophlls are microphages. (2-:20, 21)

The lymphocyte is believed to be directly connected with antibody production. (2-24)

(a) Right ventricle — pulmonary artery — lungs — pulmonary vein — left atrium.
(b) Left ventricle — aorta — superior and inferior vena cava — right atnum
(2-28, 29)

There are at least two factors to,consider here. First, there may have been a change which wgs within
range of allowable error. For example if the range of allowable error is 0.5 g%, the first hémoglobin
could have actually been 11.5, and the second 10.5. Second, a patient who bleeds severely will show a

" decrease in blood volume and a decrease in the total hemoglobin, but not an immediate decrease in

hemoglobin concentration until intravenous or tissue fluids have moved into the vascular system to
restore the Blood volume and dilute the red cells.l(2-3 1-33) -

o
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12.

13.

14.

15.°

16.
17.
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CHAPTER 2

(a) Venipunctures provide samples of blood adequate for repeating ﬁrocedures. .

(b) The venipuncture is a more sophisticated technique with the inherent disadvantage of scarring the
pdtient’s vénipuncture site. This makes subsequent venipuncture more difficult,. - ‘e

, {c) No.

(Intro.2) o L "\
The lateral surface just beyond the distal joint of 4 finger in adults and children. (33)

L ©

@A“T” o criss-cross incision in the heel.
(b) Care must be taken not to cut a tendon. . : ] L. -

(33) S

‘The needle goes straight in and out without tearing tisSue or causing undue pain and discomfort. (34)

Yot never draw blood from either the femoral vein, or from the jugular vein. (3-6)

In coagulation studies. (3~6)‘ ‘ ' . - '
It is a cleansing ;gent, not a disinfectant or effective antiseptic. (3-8) h _
Release the tourniquet, withdraw-the net;dle, and apply pressure to the venipuncture site. (3-9) -

Bending the elbow may actually restrict the venous return of blood if the patient’s sleeve is restricting.
3-10) - x ‘ '

(2) Heparin. ’ .. o !
(b) EDTA. ‘ )

(c) Cost : <
(3-12,13) - ~ ' . .
@ 3 - 3 : 3 - . .
(o " foo - 1333 | .
(b) In cases of high red count, e.g., polycythemia. 4 : -

(4"'7) ’ ’ . v

(a) 200. ,
(®) 10. § E
©5 - : : >

(4-10) ] : « , . S )
@?20. ' n
(®) 10. . ‘ B ~ . o
(c) 4.

(4-13)

X LOX L2 {0 cells per mm?. (4-15)

The predominant type-of cell is an indication of the disease process. For example, infections due to
bacteria pl@que an increase in the neutrophils. (4- 17) :

15 = 30 minutes, 3 hours, and 6 hours. (4-21) ' ] .

(a) Semen diluting fluid ingredients: o N \ L
Sodium bicarbonate ~ 5'gm. ' — ) \ 3 .
Formalin — 1 ml. ' ) : S A
Distilled water — 100 ml. . : . o .

(b) The diluting fluid dissolves the mucus.and stops the sperm from moving so that they can be accurately
counted. ° -

(4-22).

\ | S 9 .
o




(a) 127X 20X 5 X 10 X 1000 = 127,000,000/ml.

(b) 60 - 150 million/mi.

(4-22) -
(a) Diluted cells are pumped through the countmg zone. As the cells pass through a countmg area, a
photoeleotronic impulse is produced and these impulses are counted.

(b) Blood cells resist current flow proportional to the number of cells present. A digital counter

approximates the number of blood cells which impede current flow.
(4-23) ’

Dilution inaccuracies and false impulses due to interferencc or contamination (4-27)

4

.,

(a) Repetitive counts at intervals of S mmbtes or less will reveal the pomt at which WBC’s: decrusc
(b) 15 minutes. )
(4 289 N [
_Observe the mercury travel time; record the background count; record the cpntrol count; flush the
orificg. (4-30) :

Recognize normal cell types. (54)

Use an ocular micrometer. (5-9) | _ : . o

3 .
[}

The cytoplasm mass i twice-that of the nuclear mass. (5-12)

(a) If the nucleus is more indented than bean-shaped, the cell is & band. -
(b) If filaments are present, the cell i is a neutrophil.

(5-14) .- )
| The presence of nucieoli. (5-15) .
Place the smears in 95 percent methanol for abr)ut 30 minutes. (S-il) . * .
Prepare fresh st'ain, buffer, or béth. The pﬂ of the stain and/or buffer should be increased. (5-26)
4106.(529) , N /

(a) 0.5 grams percent.
(b) Errors due to incorrect blood volumes and plpettmg errors in general.
(64)

Incorrect pipette calibratien; dirty cuvettes or dirty pipettes; instrument errors; Ln mect dllutrons
unmatched cuvettes (flow-through instruments excepted); faded blank; and dete ted Drabkm
solution. (6-9)

The time required for complete reaction is critical. (6-10) R B

(@) MeEhemoglobin, carboxyhemoglobin, and sulfhemoglobin.
(b) These forms are not readily converted to oxyhemoglobir\
(6-12) .

Mrsrdentrﬁmtron nonrepresentative simple madequate sedling of capillary tube; slanting the cell layer
after centrifugation; under-centrifugation. (6-14, 15) ,

25 9 ‘
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36. (1) To detgrmine daily or monthly standard deviation as calculated from a series of duplicate deter-

- minations according to the formula . -
” . —

Standard deviation = , T(a 2—b) 2 o ‘
n ‘

Where ~a = first value of Specimen X - -
‘ ~ b = second value of Spgcimen X o

‘ -}
- Z@-b)? <= sum of the difference of all duplicates squared
n = number of duplicates. S . .

.- (2) Standard deviation may also be expressed as’a percentage of the mean..(Coefficient of variation.)
. (7.5; 8)- . ‘

N L)

CHAPTER3 * -

1. Qualitative variations in red cells inclide differences in size, shape, internal structure, and type of hemo-&
globin. (Intro.4) ' -

.

2. Erythropoiesis is the production and development of red blood cells, (8-1) N

The bicor:cave disk s.hape facilitates oxygen exchange by increasing the surface area of the red blood cell.
(8-2) ) ’ ‘

. /
- Prorubricyte. (8-3)
. /The rubriblast. (84)
. o

W

o woa

. B ) 4 )
- The unique (spoke-wheel) chromatin pattern and appearance of polychromatophilia are the r_nost‘cﬁstin-
guishing characteristics of the rubricyte. (8-6) e

-

~

o "+ 7. The metarubricyte. (8-7)- i _
' 8. A supravital stain is required to observe rqti.culocytes, but both diffuse basophilia ang basophilic stippling
are observed in Wright stained blood smears. Reticulocytes are normal cells (0.5 to 1.5%) in adult
peripheral blood, while RBCs with diffuse basophilia and basophilic stippling are not. (8-8,9)

g v ‘ 9. This cell is thinner in the cgntef (biconcave) so that less cytoplasm is stained. (8-1 1)
. ) 10. The growth rate is synchronized. (8-12) . ' . B
\ _11. - Asynchronism is erythropoiesis in whiéh the devélopment rate of the nucleus and cytoplasm is not
7 synchroniied-. An example is the megaloblast series of erythrocyte precursors in pernicious anemia. (8-13)

12.  Sickle cells, elliptocytes, and target.cells. (8-14) g

13. Decreased hehxoélobin content. (8-16)

E

. 14. The terms refer to the presence of residual basophilic substance in the cytoplasm which persists from «

more immature red cell precursors. (8-10, 17) o . %

15. A spherocyte is spherical in shape and has a smaller diameter and darker color than normal erythrﬁcytes.
(8-18) - .

16. Sickle cells on a differential blood smear might mean either the existence of sickle cell trait or sickle

, cell disease. (8-21) o | | )
17. Cabot rings. (8-24) "

Fe)

Co
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- 27,

18.
19.

20

22.
23.
24,

25.

.28
- 29.
30.°
31.
32.
33.
34,

3s.

36.
37.
38.

‘c. Vitamin By;.

. (a) Benzene (glue sniffing.)

Nuclear remﬁantS' Howell-Jolly bodies; Cabot. r.ings (8-23, 24) _ . . R .

A snderocyte is an erythrocyte containing iron deposits which may be demonstrated with Prussian blue
stain. (8-27) ., ‘ e

w

The usual spherocyte is a small round or teardrop-shaped erythrocyte with an even margin. Acanthocy’tes.
are spherocytic erythrocytes with Iong spiny projections from the margins of the cell. (8-18, 28) .

If the ratio of red cell production xsﬂgreater than red cell destruction so ,that total red cell volume is in-
czgased, the condition is known as polycythemia. (9-2) o -

Relative polycythentfa; secondaty polycythemia; polycythemia vera. (9-3-5) . - .
An alteration in the QUality of RBCs may 4dlso indicate anemia, (9-6) . T -

(a) Normochronic — normal amount.
(b) Hypochromic — less than normal amount.

o7 _ N
a. D]et L . ¥ { . : ) . <
b. Iptrinsic. - .

d. Folicacd. * . o | | o : ,
e. Gastric absorption. ‘ ) . S ' i o
f. Liver storage. (9-8) i :

A hemoglobinopathy is an inherited abnormahty of hemoglobin. (9 9)

(@) Sickle cell anemia. _ . 1
(b) Thalassemia. (9-9) . . o . . .

Free hemoglot;}n impairs the Qxygen-carrying capacity of red blood cells. (9-11)
Antibodies weaken the cellular membrane (9- 13)
Fragxhty tests (9-17) |

The cells would be smaller than normal size and exhibit an mcreased central pallor. (8-14, 16; 9-18)

Congenital hemolytic anemla 9-11)

The anemia results from incompatible antibodies in the newborh acquired from the mother. (9-11-13, 19)
. : . ) ' ’

Prolonged exposure to any of the following: - » ‘ :

(b) Arsenic. . ~ . R

(¢) Gold salts. .

(d) Radioactivity. .

(e) Certain antxbxotncs . .

(9-24)

Red cells that contain hemoglobin “S” wilt form sickle shapes when placed under lowered oxygen ten- -
snon (10-2)

The test should be reported only as positive of negative. (10-3) °
The ESR is used in a general sense to detect, confirm, and/or follow the course of a disease process. (10-4)

The mass of a falling partncle in solution is directly proportional to its rate of fall. An incrgase in mass
increases the rate of fall. (10-5)

L
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39. .

41.

43,

45,

' 47,
48,

o
oo

.d. Anticoagulant.

(1) Roulleaux fohnation.
(2) Autoagglutination. * _
(3) Severe macrocytosis. : . .-

“(106) -

a. Length and bore size of tube.
b. Levef of tube support rack.’
¢. Vibrations. . Yy, !

e. Specimen age. - Ce ‘ ..
f. Temperature. . _ o
(10-10-12) | »

Plasma protem (101 3)

a. Mean corpuscular volume (MCV).

b. Mean corpuscular hemoglobin (MCH). - ¢ .
¢. Mean corpyscular hemoglobm concentration (MCHC)
(10-14).

a. Red blood cell count.
b. Hematocrit. |,

¢. Hemoglobin, |,
(10-15) * ‘ . . - o .

¢ ) .‘
L L]

* The threshold cannot be set for a normocytic RBC population. (10-17)

Osmotic pressure of the fluid. (10-18)

Crenation occurs, (10-19)

o

The osmotic pressures are balanced between the ¢ell and saline. (10-20)

The blood specxmen may be collect d aseptically in a sterile contamer with glass heads aad incubated
24 hours at 37° C. before running the test. (10-22) :

. CHAPTER 4
! R »
(1) Cells decrease in size as they mature. ? : .
(2) Nuclear chromatin becomes more clumped (cpmpact).
(3) Cytoplasm staining reaction changes.
(4) Younger cells are-more basophilic.

(11-1)

-Azurophxhc or nonspecxfic granules. (l 1-2,3)

a. Myeloblast..

b. Promyelocyte.

c. Myelocyte. o . -~

d. Metamyelocyte.

e. Band.

f.-Segment. 7

(11-3) : i ™~

(72




4.

15.
16.
17.

18.

a. The unique, delicate, hemogeneously diffused chromatin.net, with 2-5 distinct nucleoli in the nucleus  ° |
and the absence of cytoplasrruc grandles are the most drfferentratmg morphological characterrstrcs of

- the myeloblast..

b. Promyelocyte Tfre appearance of a few azurophilic granules in the cytoplasm is immediately apparent
in drfferentratrng this cell. You will note that neither the myeloblast which precedes this cell, nor the
myelocyte which follows, has cytoplasmic, azurophilic granules alone. The.indistinct nucleoli and more
coarse chromdtin may conﬁrm the identification, but are mote relatrve and subJectrve morphological
distinctions. : o

¢. Myelocyte. The persrstence of the nuclear shape — round or oval as in the precursors — and appearance
of definitive granules differentiate this cell. Azuropluhc granules may or,may not be present, so they are
not characteristic features. VL

d. Metamyelocyte Although these cells have subtle morphologrcal drfferences in N:C tatio, granulation
and chromatin net, the differentiating characteristic common to all three i is nuclear shape, All three cell
types have definitive granules. The metamyelocyte has an indented or krdney shaped nucleus When the
nucleus is more indented than kidney shaped but not ﬁlamented the cell is classed as a band. (114-10)

The percentage of these cells is normally low and their differentiation serves no useful clinical purpose
(11-13,15) -

The large size (40-100 microns) and platelets either in or fragmented from the c‘ytoplasm are distinguish-

_ ing features of the megakaryocyte. (11-20) . . #

The lymphatic system. (11-21)

a. Cell size. 6-20 microns in diameter or from about the size of an RBC to twice the sxze of amKBC ‘
b. Quantity of cytoplasm. From scant to moderate amount.
¢. Cytoplasm hrstochemrstry Light to maderately basophtlrc Cytoplasm staining. From lrght to moderate
blue. .
d. Cytoplasmic granules. Reddish violet or a;uropluhc, peroxidase negatrve.
e. Nuclear shape. Round, oval, or slightly indented. '
/. Chromatin. Clumped, with dark stammg bluish purple aggregates separated'by indistinct areas of para-
chromatin. “ '
a

(11-25) .
A monoblast.(11-27) ¢

The very fine, diffuse chromatin strands.with abundant parachrognatin. (11-30)
Spindle forms; smudge or basket cells. (12-1) : |
Leukocytosis and leukopenia. (12-2) .

There is no correlation. (12-12) . ‘ ’ .

Vacuolated cytoplasm, deeply basophrlrc cytoplasm, and nucleoli observed singly or in any combination.
(12-13)

The leukocyte alkaline phosphatase test, which is low in granulocytic leukemias. (12-17)
. L J
Acute lymphocytic leukemia. (12-19)

Thin, eosinophilic, rod-shaped structures observed in the cytoplasm of some granulocytes in acute
granulocytic leukemia. (12-19)

A true L.E. cell is a granulocyte with a hemogeneous, cytoplasmic inclusion which has no chromatin

- pattern. A tart cell is a granulocyte containing a phagocytrzed nucleus with a recognizable chromatin

pattern (12:21)

D \
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CHAPTER S - : . \_
" 1. (a) Hemostasis is a complex process in which several factors work together or in sequence to stOp the
flow of blood from an injured blood vessel. -
(b) The extravascular mechanism involves the surrounding tissue such as skin, muscle, and subcutaneous
tissue. These tissues help stop the flow of blod by contracting or by virtue of their weight and thickness.
(¢) The vascular mechanism involves the veins, arteries, and capillaries themselves They aid in stopping
the flow of hlood by contracting and retracting to close off the vessel.
() The intravascular mechanism involves coagulation of the blood itself. This is a highly comiplicated
mechanism that requires several stages for completion. These stages are the gzneration of thromboe
plastin, the gerteration of thrombm and the production of fibrin.
(13-2):

2. (l) The formation of thromboplastin. . . .
(2) The conversion of prothrombin to Vhrombin.
(3) The formation of an insoluble fibrin clot Jhrough the interagtion of ﬁbrmogen and thrpmbm V
" (13-5) -

3. (a) The factors responsible for coagulatlon are found in the plasma. -
« (b) Tissue thromboplastm .
(13-6,7) ’ . , ?

- 4. The partiak thromboplastin timg, indicates an abn?rmahty in one or more of the c‘iottmg factors except
Factor VII or platelet deficiencies. (13-14)

S. (ayStagell. s ‘ .-
_ () Ractors 11, V, VII, and X. D )
| gz . . )
6. (a) Hemophilia A involvﬁ factor VIII. ) )
Hemophilia B involves factor IX.(13-21) - . =

(b) Hemophilia is inherifed as a trait carried on the X-chromosome. Since males have only one'X-chro-
mosome, they would be more likely to show the expressed condition. (13-21) ’ .

7. The mplllary fragility (toumlquet) test. (14-2-3)

a

-

8. No;although widely used, the bleeding time test incorporates too many variables which are not easily
controlled. (14-4)

9. Platelet deficiency. (14-1‘0)

10.  Debris can be distinguished on the basis of refractility, angular shape, and abscnce of a pink- purple
sheen. (14-15, 16)

k1. Settling in the pipette with resultant uneven distribution of platelets. (i4-1 7

12. (1) Perform the test soon after the blood has been collected.
(2) Maifitain careful temperature control.
(3) Exercise accurate timing (an automatic timer is preferred.)
(4) Use a high quality freshly prepared thromboplastin extract. ,
(5) Run a suitable cotitrol.

(14-24) |
3.. (a)Stage 1.- C° .
¢ (b) The prothrombin time. a
(14-25,26) , - ) v
4
. . ' ') L 1 L’ ~ ] —
7 -
\
- - S
’ - ' 30
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1~4., (¥ Deficiencies in prothrombin, Factor V¥;and any of the factors in the intrinsic system.

, " (b) The prothrombin time test. ,
D (1429) S - . _ _ ;

15 A speciﬁc inhibitor against tHromboplastirt formation is poésible. (14-31)
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_ .. L.MATGH ANSWER z-gg§ClNLUMBER 1
. - . SHEET TO THIS . '
STOP/ EXERCISE NUM. ¢ ~ :
’ / . ! . E R . . ’ )
| B : r . l '
/ . - ’) : ' v
R 90413 0f 21
VOLUME REVIEW EXERCISE
4 - ’ i (
Carefully re’ad the following: i}
DO’s ' .
- 1. Check the “course,” “volumé,” and_ “form’’ numbers from the answer sheet address tab against the .
. “VRE ansyer Sheet identification number” in thé righthand colymn of the shipping list. If numbers
.do not-mitch, take action to return the answet sheet and the shi ping list to ECI immediately with
a note of explanation.
: 2; Note that numerical sequence on answer sheet alternates, across from column to column.
3. Useonly medium sharp # I black lead pencil for marﬁng answer sheet. .
4.  Cigle the correct answer in this test book]et.. After you are sure of your answers, transfer them to
the answer sheet. If you have to change an answer on the answer sheet, be sure that the erasure is
complete. Use a clean eraser. ?ut try to avoid any erasure on the answer sheet if at all possible.
5. Take action to retumn entire answer sheet to ECL.
6.  Keep Volume Review Exercise booklet for teview and reference.
8 , _ ’ o .,
7. 1f mandatorily enrolled student, process questions or comments through your unj®trainer or OJT . -
. “supervisor. ' C
; If voluntarily enrolled student, send questions or comments to ECI on ECI Form }7.
wo, . \
DON'T .

1. Don’t use answer sheets other than one furrﬁshed"‘speciﬁcally for each review exercie.

2. Don’t mark on the answer sheet except to ﬁl'l in mirking blocks. Double marks or eﬁcmive markings
which overflow marking blocks will register as errors.

Don’t fold, spindle, staple, tape, or mutilate the answer sheet.

3.
N
.

Don’t use ink or any marking other than with a# 1 black lead pencil. _ N )

1
Note: The 3-digit number in parenthesis immediately following each item number in this Volume
Review Exercise represents a Guide Number in the Study Reference Guide which in tumn indicates
" the area of the text where the answer to that item can be found. For proper use of‘ these Guide
Numbers in assisting you with your Volume Review Exercise, read carefully the instructions in
the headiﬂgg‘c?f the Study Reference Guide. :

Y . [ ‘
i s ) ) 60 - .
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5 ”’ “ 4 . ’ .
. ¥ : W Multiple Choice
_ B R | . )
Note: The first three items in this'exercise are based on\instructions that were included with your
course materials. The correctness or incorrectness pf your answers to these items will be reflected in your
totalscore. There are no Study Reference Guide bject-area numbers fQr these first three items. W
1. The form number of this VRE must match R ) ) .
a. my course number; ¢ c. the form number on the answer sheet. . ¢
b. the number of ‘the Shipping List. T d. my course volume number.
» . .
. o - . K - . , ‘
2. So that thf electronic scanner can properly score my answer sheet, I must mark my answers with a
Q3 - . . i v a
. a. pen with blue ink. - ‘ c. number 1.black lead pencil. ¢ N
b. ball point or liquid-lead pen. , d. pen with black ink. e
P 3. If I tape, staple or mutilate my answer sheet; or if I do not cleanly erase when 4 make changes on the y

sheet; or if I write over the numbers ind symbols along the top margin of the sheet.

a., I will recgive a new answer sheet. SN .
. ) % b. my-answer sheet will be unscored or scored incorrectly.
\' c. I will be required to retake the VRE.
‘ j my answer sheet will be hand-graded.

’

Chapter 1

4, (IOOf Urider normal condiﬁgns, an adult’s.red blood cells are gmduced in”

’ a. the spleen. A c. both the spleen and the red marrow. oo
, b. the red marrow of the spongy bones. d. the yellow marm{of the long bones. ° C
“ : N o . .
. " 5. (100) The liver begins toboduce blood cells .
- . a. in the ﬁrsot month of fetal life. c. at birth. o
b. 6 weeks after birth. ' , d. the second month of fetal life.

6. (100) The level of fibrinogen in normal human plasma is from

» :
a. 0.15 to 0.30 mg. percent. ¢. 0.30 to 0.55 mg. percent.
b. 0.15t0 0.30 g. percent. | d. 0.30 to 0.55 g. percent.
* t

" - N
7. (101) When oxygen reaches apartial pressure of 100 mm. Hg. in the capillaries during external respiration,
the saturation of hemoglobin reaches

a2~ ' c. 98,
b. 50. S doaoo. ¢ Y

. ’r/ﬁﬁ//

8. (100) Leukocyte production is believed to begin

a. in the third month of fetal like in the liver. , ' .
b. in the seventh month of fetal life in the spleen. .
c. at birth. 7/ : . . IS
d. in the early stages of fetal blood formation. '




9;; (102) The cell most clbsely associated with allergic i ctions is the

a. basophil. | ¢. lymphocyte.
b. monocyte. d. eosinophil.

13

10.  (101) The exchange of oxygen and carbon dioxide between the alveoli and the blood stream is best

described as N
a. Breathing. . . external respiration.
b. internal respiration. : dv expiration.

11. (102) Which of the following sequences is correct for blood flow through the pulmonary c'irculatory
system? ' LR :

; . _

a. Superior and inferior vena cava, right atrium,ao’rta}and le® atrium.

b. Left ventricle, aor#h, vena cava, and right atrium.

c. Pulmonary artery, lungs, aorta, and right atrium, . - R

d. Right ventricle, pulmonary artery, lungs, pulmonary vein, and left atrium.  *
. : )

5

-

q

s , ~ .
- 12. (101) The exchange of oxygen between the blood and other tissue cells is called

a. tissue eXchange. A ¢. external respiration.
b. osmosis. d. internal respiration. )
13. (101) The so-called normal form of hemoglobin is designated by the letter
a. Al , c. C. '
b. F. ) d.S.
. :
14.  (101) The maintenance of a biologically balansgd internal environment of the body is termed
* a. hemostasis. ¢. homozygosity. o
- b. homotonicity. d. homeostasis.
15.. (100) Another name for thrombocytes is
a. megalocytes. . ©. megakaryocites.
b. platelets. d. lymphocytes. )
16. (102) Antibodies are thought to be produced by the ’
a. lymphocyte. . C. spleen. '
b. monocyte, - d. megakaryocyte.

17. (101) The effective partial pressure differential of COz. in mm. Hg. between the tissue cell and the
. capillary reaches ' .

"a. 46. ‘ c.
“b. 40. d. 4\

18. (101) If dir in the alveolus at sea level contains water vapor at a pressure of 47.mm. Hg., théé'resultant
effective gas pressure in the alveolus -

v

a. is713. c.is807. .
b. is47.. d. cannot be determined from data given. N
( . . " - ‘
. 35




’ ©19.

20.

23!
24.
T 25,

PN
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> 26

27.

-

»

v ) ! /

\ i ' A ]
(102) Which of the followmg sequences 1s correct forblood flow éhrouch the systemxc circulatory system?
“a. Right ventncle pulmonaty artery, and lungs. _ . L ;o ‘ .
b. Aorta, left ventricle, and vena cava. . ’ // )
* ¢. Pulmonary vein, left ‘atrium, and right ventricle. /
d. Left ventricle, aorta, vena cava, and right atrium. t
/ . " Chapter 2 -
(105) Dyes used to stain living cells are termed
a. polychromatic. ’ * . - c. panoptic.
b. supra-vital. ) o . d. viable.
(106) Errors in hemoglobinometry usually occur
a. in pipetting blood. _ c. because of variable standards. ¥
b. in pipetting diluent. - d. in spectrophotometric variations.
(107) Coefficient of variation is expressed by the formula . - o -
. :
a. mean X standard deviation.
b. 100 X standard deviation ’ . - '
mean )
c. 100 X standard deviation. ) . .

d. / Z(a-by | o ' &
Y T , ) . |

(104) Which of the following is not usually a source of error in electronic cell counting?

a. Wornout'arcing brushes. c. Cellular debris. »
b. Dilution errors.  ° d. Erroneous impulses.
. : , i
(103) Isopropyl alcohol (70 percent) is best described as ¢
a. a disinfectant. G.a sterhzmg agent.
b. an antiseptic. ’ : d. acleansing agent
J ¢ N - ) ©~

. (J§4) In an adult female, the nopmal range of erythrocytes in .milli(ﬁ per cmm. is from
’ [

-a.26t03.8. c.42t054. - o2
b. 3.8 t04.6. : d. 4.6106.2. :

(105) The—normal average number of platelets on a dlfferem]al blood smear per oil immersion field is \
. from

a.0to 2. ‘ c. 8to 10.

b.4to6. . o ,d. 12t0 14,

LY

'.(V.IOS) A cell is classified as ;\ segmented neutrophil rather than a band cell if

bal‘-. the nucTMxQd more than halfway. _ c. neutrophilic granules predominate.
b. "ﬁlwents are visible. d. the filaments are not visible.,




s rommn |

e ~ 28." (104) Yellow coloration of CSF is commonly referred to as .
¢ . - . . »
a. spinaigia. . . . ¢: xanthochromia. »
~ b. xerasia. N ) d. polychromasra ® . .

v

-29. (103) Blood smears for drfferenﬁals are best prepared from blood contammg

a. EDTA.. ) ' ¢. double oxalate : e , » 4
-~ b. heparin. * " d.-no anticoagularit. o
30. ’(1'05) All differential “b”lood smears should be kept in the laboratory for at least ' - , ’
a. | week! o - ¢.3months. : ‘
b. 6 weeks. ) . d. 6 months. Tl ' ' : P
31. (106) Drapkin’solut.ion should not be discarﬁe‘d into a sink immediately precededkor followed by ’
a.”strong alkalies. ’ c: cyahj_de saltse : ’
« b. acids. . _ -, hot water. ./
. ) . - ° s .
32. (104) Electronie cell counters employing the principle of resistance measure vt
a. impedence. , ‘ c. photoelectric impulses. - . .
< b. cell size. ; o w q. all of the above. o .
o A~ | o
! 33. (104) If blood is filled to the | mark in a WBC prpette and djtuted to the 11 mark, the resultant ,

o drlutron is from 1 to . :
' . 10. ' " e 100, ’
b. 1. ' d. 11 '

3

34.  (104) The'usual normal range for a sperm couqt in number per

a. 10,000 to 100,000. , t. 600,000 t
b. 100, 000—#50 000 A ' d 60 million
A‘

. is ffom

| million, &
300 million. S

35. (107) The mean standard deviation is most meaningful if calculate

-

a. for each test. c. weekly.

b. daily. ) ‘ d. monthly. . | . N - .
36. (105)If in doubt as to whether a cell should be classrﬁed asa metam' ' cyte or a band, you would

~ probably ’ ~ A o ‘

Lol . >

a. omit the cell from your count. ' p

b. classify it as a metamyelocyte.

c. classify it as a band. ° -

“d. note your indecision in the “Refnarks™section of SF 514. " }

37.  (105) Every 90470 technician is expected to .

a. recognize normal blood cell characteristics. c. classify lymphocytes. .

b. identify all abnormal blood cells. d. do all of the above. ¢
3.8; (106) The least srgmﬁcant error in the microhematocrit de;ermmatron is .

. a. undercentrif atxon o c. presence of tissue fluid from a caprllary puncture.
b. overgentrifugation. ’ d. failure to mix the blood from a test tube.
> ) ) v
» '\.K\?
. o @
5 R . [ ] X #




39. (104) Which of the’ following sfatements concerning electronic cell counts is true?

40. (107) What would you expect the coefﬁcxent of varidtion for manug] counts to be in comparison to that

. '”,)

41.

42,

»

43.

45.

46.

47.

-

b.- Most laboratories allow plus or minus §,
c. Bubbies may be counted as cells.
.d. All of the above statements are true.

a. One control may be used to tontrol one entire group of procedures. :
é_rient_ variation for different dilutions of the same sample.

of electronic cell counts?

a. Greater. B
b. Less.

(103) The primary reason for stoppenng blood collectlon tubes is to prevent

“ a. metabolism of the cells.
b.- evaporation.

(104) When semen is received in the laboratofy, it should be

a. stored at 37° C. until it liquefies.

allowed to remain at room temperature until hquefactlon

b.
c. examined in the gelatinous state 1mmednately
d.

refrigerated until examined. - .

(103) The principal advantage of venous blood oyer capillary blood for routine hematology is that

a. a larger volume of sample is obtained.
-B. venous blood contains less oxygen.

& the number of cells pérycu. mm. in venous blood is more representanve of the cuculatory system

the veins-are larger and easier to enter.

S

¢, Equal
d. Insignificantly different.

c. the sptead of disease.
d. contamination.

- ' . ' - Chapter 3

(110) A clinical test in hematology whxch isusedina general sense to detect, conﬁmr and/o‘r

follow the course of a disease process is the

a. sickle cell prep.
b. RBC fragility.

(108) Which of the following is a quantitative variation of erythrocytés? .

a. Poikilocytosis.
b. Packed cell volume

(108) In normalerythropoiesis, a cell precursor to the erythrocyte which cannot be observed oq

Wright stained smears is

a. a polychromatophilic RBC.
b. areticulocyte.

A\

(108) Small, round, refractile inclusions inside the erythrocyte, visible only in unﬁ.xed smiears, are

a. Howell-Jolly bodies.
b. Heinz-Ehrlich bodies.

c. Low red cell count.’
d. Target cell.

c. an orthochromatic RBC.
d:a nonnocyte

. c. siderocytes.
d. acanthocytes.

38
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. c. sedimentation rate (ESR).
d. MCH.

-

-
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48. (108) Abnormal red cells which have a half-moon or sickle-shaped appearance ‘ ‘ - , '

.a. appear un onditions of reduced oxygen tension. ' ,
b. are positiv@vidence of anemia. - ' '
c. are found in about 10 percent of all whites.
d. occur only in about | percent of Negroes. .

49. (109) With hemolysis, the oxygen-arrymg capacity of RBC’s is impared by .

a. ionic iron, . c. cellular membrane. » ‘
. b. cellulag stroma. T + d. free hemoglobin.

50. (110) Since the mean corpuscular volume (MCV) is a mean value, it may be normal even with ' h o

a. microcytosis. ' c. anisocytosis.
b. macrocytosis. N d: all of the above. ~
% .
51.  (109) Which of the following may cause aplastic anemia?

: a. Chronichemorrhage.  c. Malaria. T . :
" . : b Glue sniffing. « ' . d. Congenital defect. . ..
» . - , F)
) 52.  (108) Which of the{c\:ﬂg&vmg isa type of cell normally found in aduit penpheral blo6d? -
- ~ a. Reticulgcyte. : G lefusely basophilic RBC. ' '

b. Polychromatophilic RBC. . d. Metarubricyte.

53. (110) Technically, the anti¥oagulants of choice for the erythrocyte sedimentation rate are
a. EDTA and double oxalate. ., | " c. heparin and double oxalate. )

/. b.heparinand EDTA. - d. double oxalate and sodium metabisulfate.
- ';‘ » .
54. (108)A megalocyte is normally : ] : -
a. polychromatophxhc g ' c. alarge cell, -

b. asmall cell. ’ d. basophilic.

55.  (110) The effect of aneria on thé erythrocyte sedimentatior: rate is described as
a. linear, , ' c. inconsequential. s
b. subject to correcnon h d. nonlinear.

56. (108) Nucleoli can only be found in which of the following cells of the rubricytic series? . ) :
a. Rub’igyte. _ ‘ c. Metarubricyte, rubncyte
b. Proubricyte, rubriblast. : d. Rubribiast.

57, (110) The degree of red .ell fragility is duectly related to the ’ - 4

a. osﬁibtnc pressure ' c. cell membrane.
b atpiospheric pressure. ‘ ' _ d. cell stroma.

. 58. (108) An nron-porphynn nng compound that readily takes up and liberates oxygen is

a. sodmm metabisulfite. ' c. new methylene biue.
b. hemoglobin. "L : - d. stercobilinogen.
, ,
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61.

62.

" 65.

66.

67.

68.

. 09) A red blood ‘t:ell wluch contains 35 percent hemoglobm would be described as

. polychromatop}nhc - ¢. normochromic.
b. Hyperchromic. o - d. hypochromic.
ok
(110) Red céll fragility is increased in )
a. sickle cell anemia. . ) . c. Mediterranean anemia. ‘
b. congential spherocytic anemia. d. thalassemia.-
Chapter 4 ) v

7

(112) The classic Downey cells in infectious mononucleosis are excellent examples of
a. hyperplasia. ) c. efythroéytes.

b. polycythemia vera. . d. atypical lymphocytes.

(111) The unportance of megakaryocytes may lie in coagulation problems involving

a. thrombocytes. ¢. normocytes.

~ b. megalocytes. o d. myelocytes : s

(112) In whxch of the followmg leukermas are leukocvtes low in the alkaline phosphatase test"

a. Acute myelocyuc ¢. Chromc xymphocytxc
b. Acute lﬁnphocytic. ' , d. Granulocytic. N
(111) 'The appeaxance of only a few large, nonspecific azuropluhc cytoplasmic granules in a cell of the

gramﬂocytxc series definitely 1dentxﬁes a )

. a. myelocyte. _ - ¢. promyelocyte. AT p
" b. myeloblast. ° Lo "~ d. metamyelocyte.

L4

A

(111) Eoﬁnophﬂs/lomlood smears are comparable in siz ' _7\\
‘a. meutrophilic segmented cells. ¢ c. neutrophxls .

b. basophils. - d. myelocytes

(112) In acute granulocytic leukemxa thin, eosmopluhc rod shaped structures in the cytoplasm are
called

a. toxic granulation,
b. Auer rods.

c. definitive granules. . . :
d. reticulums?® ?

(111) What motpholoé(cal charactenﬁtxc in the lymphocif%te and metamyélocyte» cleérly differentiates &
them from th’monocyte” , : ' . b

~ a. Clumped ghromatm ' ’ c. Specific granules

b. Nucleoli. d, Permuclear zone. P Y

(112) An absloute lymphocytosxs would suggest that in the dxfferenhal a technician should observe .
closely for

K}

a. vacuolated cytoplasm. : ~ ¢. the presence of nucleoli.

b. deeply basophilic cytoplasm. d. all of the above.

T £ ¥




69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

(111) A general rule in hemopoiesis is that, as the cells mature, the nuclear chromatin becomes more

a. clumped. ’ ¢. reticulated. ' '

b. basophilic. , ’ d. delicate. . §

(112) The Downey classification of atypical lymphaogytes in infectious mononucleosis is

a. essential. . jgﬁistorical interest.

b. prognostic. . ' - d. diagnostic. ‘ R
(111) The differentiation of cells more mature than the myelocyte is based almost exclusiv}ely on

a. cytoplasmic granules. c. nuclear chromatin.

- b. nuclear configuration. d. cell size.

[ ' .
(112)A bolymorphonuclear leukocyte containing engulfed nuclear material with a distinct chromatin

net is : . .
a. apuscell. . c.anLE.cell . .
b. a rosette. d. atart cell.
(112) A shift to the left in differential counting indicates neutrophilic N
a. hyperlobulation. - c. immaturity. .
b. degeneration. . ’ d. maturation. -
(112) If the total leukocyte count is below 4,000/cmm., the term used is
a. leukopenia, ‘ c. leukemia.
b. leukocytosis. d. neutropenia.
Chapter 5
(113) The conversion reaction of fibrinogen to fibrin is best described as T \_/
a. an endothermic reaction.‘ . C. an enzymatic reaction.
b. an autolytic reaction. d. a catalytic reaction.
(115) The so-called one-stage prothrombin time measures
a. stage I defects only. c. stage III defects only.
b. stage II defects only. : d. defects in stages II and III.
(113) The thrombin time test measures . - .
: e
. a.a de,Qciency of fibrinogen. . c. the Hagemen factor deficiency.
_b. the function of proaccelerin. - d. prothrombin consumption.
(113) The prothrombin (_:onsum'ption test theoretically measures
a. converted prothrombin. c. specifi€ clotting defects.
b. unconverted prothrombin. d. coumarin.
(114) The principal disadvantage of the finger puncture bleeding time test is that it
a. lacks standardization. , c. is seldom abnormal.
b. gives pain to the patient. d. does not measure the intravascular mechanism.
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80.

81.

82,

83.

8s.

86.

87.

88.

89.

90.

(113) The second stage of the clotting mechanism involves the

a. dissolution of fibrinogen. , ¢: conversion of prothrombin to thrombin.
’ b. formation of thromboplastin. d. interaction of fibrinogen and thrombin.
(114) A prolonged clottxng time would not reveal agmﬂmt , ' |
a. fibrinolysin deficiency. . c. platelet deficiencies.
b. circulating anticoagulants. d. defects in stage 1.
(115) Reese-Ecker solution for the piatelet count contains
a. methylene blue. ) ¢. ‘brilliant cresyl blue.
b. fluorescein. * 4 d. crystalviolet. °~ . =
(115) In’ordér for the protltrombin consumption test to be valid, _
a. Factor VII must be added. c. platelets must be adequate.
b. the prothrombin time mugt be normal. d. all of the above conditions must be fqlﬁlled.
(113) If a hemophilic man is married to a normal female, one would expect their .
a. sons to be hemophilic. . c. sons to be carriers. A -
b. daughters to be hemophilic. d. sons to be normal. é -
(115) In performing a platelet count, t.he most likely error occurs through
a. overshakin E)he pipette. ; : cf settling in the chamber. . ’
) b. se\ttling in the pipette. a d. uneven distribution in the chamber.

(115) Fallure to obtain significant correction when normal reagents are substituted in thé thromboplastin
generation test suggests the : v - - .

a. absence of sufficient calcium. ,

b. presence of a thromboplastin precursor mhtbxtor

c. deficiency of Factor X (Stuart). .

d. test is invalid. ‘ e .

(113) Which of the followmg factors is used to conﬁrm the diagnosis of hemophilia?

a. Factor I. , c. Factor VII.

b. Factor II. C d. Factor VIII.

(1 13)"lncu.bation of a normal clot-with the patient’s plasma would reveal a defect in
a. fibrinolysin. ; "~ c. fibrinogen.

b. prothrombin. N d. fibrin. .

(114) Clot retraction may appeat: increased if the patient hasa

a. decrease in plasma volume. c. low fibrinogen level.

'b. high fibrinogen level. d. decrease in red cell mass.

(115) Barium adsorbed plasma used in the prothrombin coneumption test must contain all of the following
except

a. fibrinogen. c¢. Factor VII (stable factor).

b. Factor V. . d. both Factor V and fibrinogen.
, 8 : ’
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THIS SECOND volume of Course 90413 is concerned ith blood banking and
immunohematology. Chapter 1 discusses antigen and anfibody reactions- in their
relationship to blood banking. Major blood group systems ard\discussed in Chapter 2.
The special precautions and procedures used in preparing blbod for transfusions is
presented in Chapter 3. The last chapter of the volume is devoted to the operation of a

* blood donor center.

Some of the material has been illustrated on foldouts. When the text discusses this
material, open the foldout at the back of the text and, refer to it as you study.

A glossary of technical terms is included in Volume 3.

If you have questions on the accuracy or currency of the subject matter of thls text, or
recommendations for its improvement, send them to SHCS (MST/114), Sheppard AFB
TX 76311.

If you have questions on course enrollment or administration, or on any-of ECI's
instructional aids (Your Key to Career Development, Study Reference Guides, Chapter
Review Exercises, Volume Review Exercise, and Course Examination), consult your
education officer, training officer, or NCO, as appropriate. If he can't answer your.
questions, send them to ECI, Gunter AFB AL 36118, preferably on ECI Form 17,
Student Request for Assistance.